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Abstract 
This thesis addresses several issues that need resolving before population age/length structure, 
growth rates, movement and reproductive biology of blue cod (Parapercis colias) can be 
properly understood. It provides validations of stock assessment methodologies that are 
perquisites to the analysis of population data to assist in the sustainable management of South 
Island blue cod. 
Chapters two and three deal with age and growth, initially by validating otoliths and 
comparing other aging methods. Length at age models were then compared among regions of 
the Marlborough Sounds. Female blue cod showed no detectable differences in growth, but 
males differed among areas within the extreme and outer Pelorus Sound strata, and between 
strata in both Pelorus and Queen Charlotte Sounds. Growth was fastest in the extreme outer 
strata of both Sounds. Results were then considered in terms of fishing pressure, catch-per-
unit-effort, sex ratios, female fecundity, and sex inversion to conclude that stock assessment 
of this species should be done at a smaller spatial scale than is currently used. 
Chapters four and five described the movement patterns of blue cod in terms of current stock 
boundaries in Southland. From both laboratory and field trials, tagging methods were 
optimised to retention of 88% over two years and a 5.9% return rate. A total of 9368 blue cod 
were then tagged within Foveaux Strait (fishing statistical area 025) using a balanced stratified 
series ofreplicated sites (n=9) within three latitudinal and three longitudinal strata. Three 
different bottom habitat types were also identified and included opportunistically into the 
model. 
After 20 months, 743 blue cod had been returned (7.9%). The largest distance moved was 156 
km, however the median was only 800 meters, 60% moving less than 1 km. The habitats that 
blue cod were released into had no effect on distance moved. However, spatial location was 
an important but complex determinant of distance travelled. A strong trend toward counter-
current, north-west movements was evident and mixing rate calculations showed higher levels 
of emigration to the west and immigration from the east of area 025. A significant increase in 
the proportion of blue cod moving in the spring of both 1998 and 1999 further implied some 
seasonal migration associated with spawning. Mixing rate calculations showed moderate 
mixing with neighbouring areas (up to 14.7%). However, mixing was considerably higher 
between sub-areas within area 025 (up to 44.1 % ) suggesting that blue cod stocks are relatively 
stable at the fishing statistical return area scale. 
Chapter six provided compelling evidence that blue cod are diandric protogynous 
hermaphrodites. Although males may be predominantly harvested, this is unlikely to cause 
fecundity problems, as sexual succession is relatively flexible. Observations of gonad 
developmental showed that Southland blue cod spawn from October through to January. 
Southland blue cod are not sexually dichromatic, however, macroscopic gonad observations 
are an acceptable sexing technique. 
The final Chapter of this thesis discusses these findings and their implications for future blue 
cod fisheries management. 
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Blue cod (Parapercis colias) is a temperate fish associated with reefs, and endemic to New 
Zealand. It is not a true cod, but a sandperch, a marine family (Pinguipedidae) found on the 
Atlantic coast of South America and Africa, throughout the Inda-Pacific region, and along the 
coast of Chile. The family has four genera; Kochichthys, Pinguipes, Prolatilus, and 
Parapercis, with about 50 species described (Nelson, 1994). 
Parapercis species are known as weevers, and New Zealand has three species; the blue cod 
(P. colias), the yellow cod (P. gilliesi), and the banded weever (P. binivirgata) (Andrews & 
Francis, 2003). However, neither yellow cod nor banded weevers are as common, or grow as 
large as blue cod (Ayling & Cox, 1987). Blue cod is also the only weever to support 
significant commercial and recreational fisheries. 
In the South Island of New Zealand (Figure 1.1), blue cod is one of the most important inshore 
commercial and recreational fish species. Nationally, the commercial fishery in 1998/99 reported 
landings of 2220 tonnes (t) (Annala et al., 2000), with an approximate landed value of$NZ 4.7 
•' 
million1. Commercial catches are constrained by the Quota Management System (QMS) within 
Quota Management Areas (QMA) (see Annala et al., 2000). In the 1998/99 fishing year, 
commercial landings in Southland's QMA (BCO 5: 1470 t) were 66 % of the national total. 
Twenty-two percent came from the Chatham Islands (BCO 4: 499 t), 7 % from the east coast 
South Island (BCO 3: 150 t), and 2 % from the South Island's north/west coast (BCO 7: 52 t) 
1 The national blue cod landed value was calculated from a mean port price of $3.18/kg, and a 
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(Annala et al., 2000) ( see Figure 1.1 ). In 1996, the total annual recreational catch of blue cod 
was estimated to be about 706 t, with the South Island's BCO 7 (239 t), BCO 3 (151 t) and 
BCO 5 (139 t) accounting for 75% of the national total (Bradford, 1998). 
The blue cod fishery is predominantly an inshore domestic fishery with relatively little deep-
water by-catch (Anderson et al., 1998). The primary commercial capture method is potting from 
small to medium sized vessels (8-20 m), usually working 4 - 10 cod pots each. Pots are lifted 
between four and 32 times a day, and the daily catch varies greatly among fishers, locations, and 
times of year (Warren et al., 1997). Blue cod are usually processed on board, either headed and 
gutted, :filleted (Warren et al., 1997), or more recently gilled and gutted (B. Unwin - fish 
processor - Bluff, pers. comm., 2000). Recreational blue cod fishing is usually carried out with 
hand-lines or rods from both small boats and the shore (Bradford, 1999). 
Annual landings of blue cod have historically been inversely related to the success of the rock 
lobster season, and in Southland particularly, weather conditions also greatly affect the number 
of ':fishable' days (Warren et al., 1997). Reported blue cod landings reached a peak in 1985, the 
year before the QMS was implemented, but declined after that (Annala et al., 2000). However, 
landings have increased steadily throughout the 1990s and are currently near the highest levels 
recorded (Annala et al., 2000). 
Blue cod is also an important species for Maori. Bones found in middens show that Maori were 
catching blue cod well before European times (Leach & Boocock, 1993). However, in the South 
Island, catches of other fish such as barracouta (Thyrsites atun), red cod (Physiculus bachus), 
ling (Genypterus blacodes), blue moki (Latridopsis ciliaris), flounder (Rhombosolea plebeia), 
and various wrasses (Notolabrus species) were more prevalent at this time (Anderson, 1981, 
1983) 
As is the case with modem day recreational fishers, pre-European Maori caught blue cod using 
baited hooks (Anderson, 1983). The Maori name for blue cod is raawaru/rawaru (Strickland, 
1990; Cormack, 1997), which means to throw up, a common occurrence for blue cod when 
landed. No specific information is available on the current levels of Maori customary catches 
(Annala et al., 2000). 
2 
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1.2 Reef fish and the environment 
Fishes are typically the most conspicuous vertebrates occupying temperate marine reefs. They 
are large, mobile, may have high feeding rates, and possess jaws that are capable of dealing 
with robust prey (Choat, 1982). Feeding by temperate fishes may influence the structure of 
benthic assemblages (e.g. Andrew and Jones 1990) and can represent an important route 
whereby nutrients may be transferred from the pelagic to the benthic environment (Bray et al. 
1986). Temperate reef fishes support important commercial, recreational and artisanal 
fisheries, and numerous studies indicate that fishing pressure on some species may be severe 
(Jennings and Kaiser 1998). fudirect impacts of other fisheries (e.g. Fanelli et al. 1994) and 
human activities may also occur ( e.g. Guidetti et al. 2002). Temperate reef fishes may also be 
long-lived (e.g. Paul 1992), and the removal of older large individuals may alter the sex ratio 
where species are sequentially hermaphroditic (Buxton 1993). Protection and rehabilitation of 
populations of reef fishes is a frequently cited reason for establishment of protected areas, and 
numerous studies in marine reserves have demonstrated such effects ( e.g. Willis et al. 2003). 
Variations in the distribution, abundance and growth of reef fishes between areas can be 
attributed to several local environmental factors. Depth is often correlated with community 
structure and species abundance (Leum & Choat, 1980; Schiel, 1984; Buxton & Smale, 1989; 
Kingsford et al., 1989; Dufour et al., 1995). The habitat structure ofreefs has also been shown 
to have a significant influence on the distribution and abundance patterns of many reef fish 
(Bray & Ebeling, 1975; Russell, 1977; Leum & Choat, 1980; Kingett & Choat, 1981; Jones, 
1984a, 1984b, 1984c, 1988; Choat & Ayling, 1987; McCormick & Choat, 1987; Choat et al., 
1988; Connell & Jones, 1992). Such associations between habitat and patterns of fish 
distribution and abundance can also occur at varying scales (Syms, 1995). Macroalgae is both 
positively (Choat & Ayling, 1987; Kennelly, 1987; Bodkin, 1988; DeMartini & Roberts, 
1990; Holbrook et al., 1990; Levin, 1993; Anderson, 1994; Carr, 1994) and negatively 
correlated with reef fish distributions (Mutch, 1983; Choat & Ayling, 1987; Carr, 1989; 
Holbrook et al., 1990, 1992). Several studies have also observed correlations between 
topographic complexity (the amount of vertical relief) and increased abundance and diversity 
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1980; Jones, 1984a; Buxton & Smale, 1989; Carr, 1991; Holbrook et al., 1992; Levin, 1993) 
due to an increase in the amount of shelter and resources offered (Leum & Choat, 1980; 
Connell & Jones, 1991; Syms & Jones, 1999). Other habitat characteristics, such as current 
speed, turf algal-cover, and sessile invertebrate-cover, are also correlated with reef fish 
abundance (listed in Jones, 1988). Other natural sources of temporal variation may include 
spawning migrations (Johannes, 1978), tidal movements (Jones, 1983) and daily migrations to 
feeding sites (Hobson, 1972). However, due to the mobility of reef fish, short term, apparently 
random changes in their abundance and distribution may not be uncommon (Schiel, 1984). 
Predation by humans is the dominant influence on large fishes of many reefs. For example, 
Onshore - offshore patterns of abundance and size of fishes on the east coast of North 
America (Witman & Sebens, 1992) are consistent with important impacts of fishing on fish 
populations. Studies of fish populations in areas where harvesting has been excluded 
frequently show elevated abundance's and larger sizes compared to fished areas (e.g., Edgar et 
al., 1997; Willis & Babcock, 2000), and blue cod is no exception (Davidson 2001). 
1.3 Review of blue cod biology 
Although blue cod is the only pinguipedid species to support a significant fishery, its biology 
and ecological importance are not well understood. Aspects such as age and growth, 
reproductive biology, early life history, movement, social structure and behaviour are unclear 
or unknown. A briefreview of blue cod biology is presented in the following sections. 
1.3.1 Population distribution and habitat of blue cod 
Blue cod are distributed throughout most of New Zealand, from the shore to the shelf edge. 
They are a relatively short ranging, bottom dwelling carnivore (Mutch, 1983; Jiang & 
Carbines, 2002) most abundant in temperate areas around Southland and the Chatham Islands 
(Ayling & Cox, 1987; Figure 1.1). Blue cod are often found on reef edges and shingle/gravel 
or sandy bottoms, close to rocky outcrops (Andrews & Francis, 2003). Although most 
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of blue cod from depths to around 360 m (Warren et al., 1997). This is a deeper distribution 
than was previously recognised. 
While it is known that blue cod eggs and larvae are planktonic for about 5 days before settling 
(Robertson, 1973), there have been no studies of the settlement, recruitment or juvenile phases 
of blue cod. Rapson (1956) speculated that young juveniles settle to the sea floor in water 
deeper than 55 m, and move inshore as they mature, only becoming resident once they reach 
the cobble/turf bottom of shallower open reef flats. He further infers that a combination of 
several factors such as emigration, competition, and predation causes the density of these 
young fishes decreases as they move inshore (Rapson, 1956). However, with the now 
common use of SCUBA, newly recruited blue cod have been repeatedly observed on shallow 
(< 15 m) open reef in sandy areas of both Stewart Island and the Marlborough Sounds 
(R. Cole, NIWA-Nelson, pers. comm., 1999; pers. obs., 1997, 2002, 2003). 
Adult blue cod are usually found at the reef edge (Cole et al., In Prep) and their distribution 
shows an inverse relationship with some macro-algae (Mutch, 1983). Whether seaweed 
forests directly influence the distribution of blue cod due to their physical nature, or indirectly, 
through the abundance of prey, are unknown. However, fishers have reported that blue cod on · 
shallow areas tend to 'shelter' from rough weather away from seaweed-covered reefs (Warren 
et al., 1997). 
As with other members of the family Pinguipedidae (Stroud, 1984; Kobayashi et al., 1993a), 
large male blue cod have been observed to be territorial, defending large but rather loose 
territories (Mutch, 1983). In Northland, small social groups have been regularly observed by 
divers, and the territory of a large dominant male has been shown to encompass the home 
ranges of three to five females (Mutch, 1983). Territories also appear to increase with the size 
of the individual holding them. While the home range of individuals of the same size do not 
overlap extensively, those of adults and juveniles do overlap, with no aggressive behaviour 
observed between these two groups. This is possibly because the diet of juvenile blue cod 
differs from that of adults (Mutch, 1983; Jiang & Carbines, 2002). 
5 
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1.3.2 Movement patterns of blue cod 
Movement patterns of blue cod are poorly understood. While the distance and frequency of 
offshore blue cod movement, and the proportion of the population that move, are not known, 
some movements of inshore fish have been documented through tagging programmes. These 
indicate that the distance individual's move may be size related, but there are conflicting 
observations between studies (Rapson, 1956; Mace & Johnston, 1983). Two major tagging 
programmes in the Marlborough Sounds recorded maximum distances moved of 48 km and 
42 km respectively (Rapson, 1956; Mace & Johnston, 1983). For a full review of these 
studies, see Section 5.1. More recently, a third smaller tagging programme in the Marlborough 
Sounds has shown that 73% and 75% of tagged blue cod were resighted within 100 m of 
release sites both within and outside of a marine reserve respectively (Cole et al., 2000). 
Little is known about blue cod populations in deeper waters: spawning aggregations and 
shoals of feeding blue cod have been reported by fishers in Southland offshore areas, but these 
have not been properly documented (Warren et al., 1997). Both Graham (1939a) and 
Robertson (1973) also inferred offshore spawning migration of blue cod in Otago waters (see 
/ 
Section 1.3.6). 
If blue cod movements in inshore areas are small, as tagging programmes so far suggest, then 
it may be inappropriate for blue cod to be managed as a single stock within some of the 
present large Fisheries Management Areas (Warren et al., 1997). 
1.3.3 Age, size and growth of blue cod 
Blue cod can reach over 50 cm in total length (TL) and weigh up to 4 kg (Ayling & Cox, 
1987). They may also live to a maximum age of at least 17 years (Annala et al., 2000). 
However, current methods of determining the age of blue cod are unvalidated, and should be 
treated with caution (Beamish & McFarlanne, 1983). 
Rapson (1956) determined that by the end of their first year, blue cod in Foveaux Strait 
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decrease to 3.5 cm, after which time individuals tend to increase more in weight than length. 
Growth rates may also vary over small spatial scales, suggesting that growth depends on the 
availability of food or other localised environmental variables (Mutch, 1983; Carter, 1992) 
including the simplification of seabed by oyster dredging (Carbines et al. In Press). 
Previous growth estimates suggest that Southland blue cod reach 33 cm (the minimum legal 
size MLS) in 5-6 years (Rapson, 1956; Carter, 1992). However, it takes 6-8 years for blue cod 
to reach 33 cm in the Marlborough Sounds (Rapson, 1956) and at least 8 years in Northland 
(Mutch, 1983; Carter, 1992). Thus, blue cod appear to grow faster in the south, reaching the 
MLS at an earlier age. The sex of a blue cod also influences its growth rate: Mutch (1983) 
demonstrated significantly faster growth of male blue cod in Northland. In the Marlborough 
Sounds, Blackwell (1997) has also found that male growth is significantly faster than females, 
which may take up to 12 years to reach MLS. 
1.3.4 Maturity ofblue cod 
In Northland, the smallest mature female blue cod caught by Mutch (1983) was approximately 
11.7 cm total length (TL), and the smallest mature male was approximately 12.8 cm TL. Both 
individuals were estimated to be in their second year. However, female blue cod in the 
Marlborough Sounds are thought to reach sexual maturity at a length of around 20-25 mm TL 
at age 3 - 4 years (Rapson, 1956; Blackwell, 1997). No information is available on size at 
sexual maturity in other areas. 
1.3.5 Sex and colour changes of blue cod 
It is has been reported that blue cod may change sex from female to male (i.e., that blue cod 
are protogynous hermaphrodites), based on a single transitional blue cod gonad collected in 
Northland (Mutch, 1983). Other pinguipedids have been shown more convincingly to undergo 
this type of sex change (Stroud, 1984; Kobayashi et al., 1993a & b). However, in the 
Marlborough Sounds, sexually mature male blue cod have been identified macroscopically at 










Chapter One General Introduction Page 8 
derived from sex reversal, as such small fish would be unlikely to have previously matured as 
females. 
Size and coloration of blue cod also appear to be correlated. Juveniles (10 - 15 cm TL) have a 
whitish body with two brown stripes running their body length, one of which runs through the 
eye and on to the snout (Francis, 1996). As fish mature they tend to darken to a rusty brown 
and the stripes become barely distinguishable. Beyond 25 cm, individuals of both sexes appear 
to change colour to a mottled grey that lasts until about 30 cm, when a change to green/blue 
occurs (Francis, 1996). Only large males were believed to then develop a blue-green/blue 
head, wide stripes, and a pale blue belly (Mutch, 1983). However, fish macroscopically 
identified as females are relatively common in this "blue" phase (Warren et al., 1997). 
1.3.6 Spawning and breeding behaviour of blue cod 
In Northland and the Marlborough Sounds, spawning has been reported to occur from spring 
to early summer (Rapson, 1956; Mutch, 1983), but in Otago it is thought to occur from winter 
to spring (Graham, 1939a; Robertson, 1973). The apparent absence of new recruits in shallow 
waters (Rapson, 1956: see Section 1.3.1), and a study of the distribution and abundance of 
blue cod eggs over the Otago outer continental shelf suggests that in this area at least, some 
spawning occurs in deep water off the mid-outer continental shelf (Robertson, 1973). Graham 
(1939a) also reports the "departure of gravid fish in June, and the return of spent fish in 
September" from Otago waters. Consequently, an adult spawning migration from inshore to 
deep water seems likely in Otago (Graham, 1939a; Robertson, 1973). However, spawning 
blue cod have also been observed in Foveaux Strait and the Marlborough Sounds in less than 
55 m of water (Rapson, 1956), and in both areas recruits have been observed in less then 20 m 
(R. Cole, NIWA-Nelson, pers. comm., 1999; pers. obs., 1997, 2002). Other pinguipedids have 
been observed to spawn within their home ranges (Kobayashi et al., 1993a), and blue cod 
appear to be multiple twilight spawners (Pankhurst & Conroy, 1987; Pankhurst & Kime, 1991), 
which is consistent with local spawning. There is little other information on blue cod spawning 
or movement patterns available. 
8 
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1.4 Thesis aims 
In recent years annual landings of blue cod have increased to record levels (Annala et al., 
2000). Currently there is insufficient information to assess the status of the fish stocks or to 
allow the development of management strategies that would ensure sustainability. In order to 
improve stock assessment and management regimes, better knowledge of the biology and 
population dynamics of blue cod is needed. 
1.4.1 Age 
Age-length relationships derived from blue cod in Northland, the Marlborough Sounds and 
Southland have shown that blue cod grow fastest and reach much larger sizes in Southland 
(Rapson, 1956; Mutch, 1983; Carter, 1992). However, the aging methodology of this previous 
work has not been fully validated. Growth rates are usually calculated from age-length 
relationships (Francis, 1988), and these are used as input for population dynamic models 
(Annala et al., 2000). Chapter two of this thesis attempts to compare and validate various 
aging techniques for blue cod in Southland. 
1.4.2 Growth 
Spatial variations in the growth of a species can have implications for the geographical scale 
at which population dynamic models can be applied, and management implemented. Chapter 
three compares the growth of blue cod over various geographical scales in the Marlborough 
Sounds. 
1.4.3 Movement 
To date the movement patterns of blue cod have been described only within the Marlborough 
Sounds (Rapson, 1956; Mace & Johnston, 1983). Results of those studies raise concerns about 
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movement studies suggest that blue cod have only limited movement between sub-areas of the 
current QMAs. In some areas, over-fishing appears to lead to localized depletion without 
notably reducing the overall QMA catches (Warren et al., 1997). Information on the 
movement of blue cod is therefore important to determine if locally depleted areas can 
recover, and over what period such a recovery would take place. Current management of blue 
cod by QMAs may also need to be reconsidered if only limited mixing of stocks occurs within 
sub-areas of QMA. Chapter five uses tagging to determine the mixing rates of blue cod among 
areas of two geographical scales in Southland. However, as previous tagging studies suffered 
from problems of high tag loss (Rapson, 1956; Mace & Johnston, 1983), tagging trials were 
first conducted on several new types of tags for blue cod in Chapter four. 
1.4.4 Reproduction 
Currently there is only limited information about blue cod sexual maturation and their size at 
sexual maturity. When or why blue cod change sex is also unknown and only a single 
transitional gonad has been described (Mutch, 1983). In view of the reported sex inversion, 
the ability to sex blue cod macroscopically also needs to be validated. Chapter six describes 
the reproductive stages of Southland blue cod both macroscopically and histologically. 
1.4.5 Goals 
This thesis addresses several stock assessment techniques that need to be validated before 
population age/length structure, growth rates, movement and reproductive biology of blue cod 
can be properly understood. It is the goal of this thesis to firstly validate those techniques, and 
then use them to collect new population data that will examine current management regimes 
and help ensure the future sustainable management of blue cod. 
10 
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1.5 Study sites 
This study was undertaken at two locations m the South Island of New Zealand, the 
Marlborough Sounds and Foveaux Strait. 
1.5.1 Foveaux Strait 
Foveaux Strait (Figure 5.1) is a shallow body of water at the southern tip of New Zealand's 
South Island. It separates the South Island and Stewart Island, and is about 80 km long and 
23-53 km wide. The seafloor is principally alluvial gravel, locally overlaid with sand, and 
slopes gently from 50 m deep in the west to 20 min the east. Islands and reefs extend across 
the shallow eastern entrance from Paterson Inlet (Stewart Island) northwards. As Foveaux 
Strait is relatively shallow and separates the Tasman Sea from the South Pacific Ocean, it is 
subject to extremely strong tidal flows. It is also subject to the influence of the Tasman and 
Southland Currents following from west to east (Houtman 1966, Heath 1972, Heath 1981). 
1.5.2 Marlborough Sounds 
The Marlborough Sounds (Figure 3.1) are formed from a series of drowned river valleys 
situated at the northeastern end of the South Island. The area comprises two major sounds 
with different characters, Queen Charlotte Sound and Pelorus Sound. Queen Charlotte Sound 
is characterized by a complex tidal pattern with intrusions of cold nutrient rich water from the 
adjacent deep waters of Cook Strait (Heath 1974). Pelorus Sound is influenced by the effects 
of the warmer but less nutrient rich tidal movements from Tasman Bay that enters through 
French Pass, and by the major freshwater influence of the Pelorus River (Heath 1974). Both 
Sounds are subject to relatively low levels of internal current (Heath, 1974), have complex 
coastlines, and provide a variety of habitats ranging from sheltered reefs to exposed rocky 
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1.6 Tables and Figures 
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Chapter Two 
Age determination, validation and growth 
2.1 Introduction 
Understanding population biology, assessing stocks, and deV"eloping management regimes for 
fish populations often depend on the interpretation of population age structures based on the 
ages of individual fish (Megrey, 1989). Questions relating to age at spawning, maximum age, 
determination of year class strength, and growth differences between areas, all require some 
knowledge of age. Estimates of age and growth are also required for many stock assessment 
models. 
Determining the age of fish often involves counting increments (usually annuli) in skeletal 
structures such as otoliths (Francis et al, 1992), opercula (Hostetter & Mumoe, 1993), 
vertebrae (Prince et al., 1995; Francis et al, 1998), scales (Jones, 1980), and fin spines or rays 
(Davis, 1977; Prince et al., 1995). Not all structures are of equal application however. For 
example external structures such as scales, rays and spines can be taken without sacrificing 
fish. Scales, however, are not normally recommended, as they tend to underestimate the age of 
fish (Beamish & Mcfarlane, 1983). 
While the interpretation of otolith structure is the primary method for ageing fish (Chilton & 
Beamish, 1982), all methods of ageing must first be validated to both ensure that estimates are 
accurate, and to assess the precision of counts (Beamish & Mcfarlane, 1983). Un-validated 
methods of ageing can result in biased age estimates, which subsequently undermine stock 
assessment and management regimes (Beamish & Mcfarlane, 1983). Determining the 
periodicity of increments/counts is therefore essential, and must be done at more than one 
location to justify using a method over a broad geographic range (Kingsford & Battershill, 
1998). 
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Several methods can be used to validate an ambiguous ageing method when fish of known age 
are not available. While mark-recapture methods permit direct validations (Chilton & 
Beamish, 1982), indirect methods can be used such as marginal increment analysis (Hood & 
Johnson, 2000), following the progression of a strong age-class in a population over time, or 
checking for consistency of age data for a discrete length-group (Kingsford & Battershill, 
1998). 
Oxytetracycline (OTC) is an antibiotic that acts to chelate the calcium and magnesium present 
in calcified tissues; it manifests itself as an opaque ring (fluorescent yellow under ultraviolet 
light) soon after being injected into the fish (Morales-Nin, 1992). Mark-recaptures are a direct 
method of age validation, and usually involve marking skeletal structures with OTC, and 
recovering fish after a known period of growth to directly determine the banding frequencies 
in relation to the fluorescent mark (e.g. Francis et al., 1992). Marginal increment analysis is an 
indirect method of validation in which distance measurements from the last increment to the 
otolith edge are taken from samples collected over an extended period of time (Hoot & 
Johnson, 2000). Plotted as population means over time, marginal increment measures can 
reveal the periodicity and timing of the banding frequencies in the otolith depending on 
synchronous deposition in the population (Kingsford & Battershill, 1998). 
Currently, the age/length structure of all blue cod populations is poorly understood and catch 
sampling is required for further stock assessment (Warren et al., 1997). Throughout this study, 
it will also be necessary to determine age at spawning, maximum age, age-length 
relationships, and growth comparisons between areas. To age blue cod, previous studies have 
used either whole, or broken and burnt otolith ring counts (Rapson, 1956; Mutch, 1983; 
Carter, 1992). In Northland (Figure 1.1), Carter (1992) also used OTC to validate otolith 
counts, but had limited success in achieving an effective mark. The aim of this chapter is to 
build on Carter's (1992) preliminary validation of otolith annuli with a further validation of 
blue cod otoliths in the South Island. Sectioned otolith age estimates were validated both 
directly through OTC marking and field release, and indirectly through marginal increment 
analysis. As Carter (1992) had difficulty in achieving an effective OTC mark, a laboratory 
study was also required to determine levels of OTC necessary prior to field release. Break-
14 
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and-burn and whole otolith ring counts, otolith lengths and weights, and scale annuli were 
also com.pared with sectioned otolith ring counts. A direct validation of fin ray and fin spine 
counts was also investigated. 
2.2 Methods 
2.2.1 Comparative ageing methodologies 
From 24 November 1994, samples of approximately 50 blue cod were taken every two months 
until January 1996. Eight discrete samples were taken, totalling 434 blue cod. Both standard 
commercial and modified fine mesh cod pots were used to obtain a good size range of both 
undersized (<330 mm) and legal sized (2330 mm) fish. Each sample was taken at a different 
location along the northern cost of Stewart Island within Foveaux Strait (Figure 1.1 & 2.1). 
This was done to avoid any social or biological effects from repeatedly sampling the same 
area over time (Jones, 1980, Mutch, 1982), and to ensure age/length estimates were applicable 
to Foveaux Strait generally. 
Fish were measured (total length) to the nearest five millimetres below actual length, weighed 
to the nearest gram, and sexed (see Section 6.3.1). The largest pair of otoliths, the sagittae, 
were then removed by dissecting the cranial region. Pairs of otoliths were rinsed with water, 
air dried and stored in paper envelopes until processed. Three primary scales where also taken 
from behind the left pectoral fin and stored in paper envelopes. 
Scales were viewed through a low power microscope at 20x magnification under reflected 
light and exhibited alternating opaque and translucent zones in a ring pattern (Figure 2.2). 
From three scales of each fish, a count of the number of opaque zones was made from the 
distal to the proximal edge, and the mode recorded. 
Otoliths were embedded in polymer resin. Sections approximately 250 µm thick were then cut 
along the dorso-ventral plane with a diamond-tipped cut-off wheel. The sections were sanded 
with 600 grit sandpaper to remove saw marks and polished on a felt pad with 0.3-µm alumina 
15 
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suspension polishing compound. Sections were observed at 40x and 1 OOx magnification under 
transmitted light with a compound microscope. 
Otolith sections exhibited alternating opaque ( dark) and translucent (light) zones and counts 
were made of the number of opaque zones (Figure 2.3). Patterns of opaque and translucent 
zones were quite apparent on otolith sections. Opaque zones were counted using translucent 
zones to define complete opaque zones; i.e., a zone was counted only if it had a translucent 
zone on both sides. If a zone was not complete, e.g. eight zones sided by translucent areas and 
one incomplete opaque zone on the outside, the count then equaled eight and a half (8.5). 
Consequently, no birth date ( estimated about 1 January) was used to correct for real age 
differences between sample times, instead all age estimates were rounded to an integral half-
year. 
As a comparative method of estimating fish age from otoliths, sub-samples of otoliths from 
samples 3-6 were weighed to the nearest milligram (n=212), and from samples 3-9 otolith 
length was recorded to the nearest micrometer (n=314) prior to sectioning (Fletcher, 1991). 
From all samples a random sub-sample of otolith pairs were split, one otolith from each pair 
was sectioned in the normal way (see above), and the other was broken and burnt over an 
open flame in the same way that both Mutch (1982) and Carter (1992) prepared their otoliths. 
The broken ends were embedded in acid cured silicon gel facing a glass slide and viewed 
through the glass at 20x magnification under reflected light with a compound microscope. 
These otoliths also exhibited clear alternating opaque and translucent zones and counts were 
made of the number of opaque zones (Figure 2.4). 
From all samples, a second random sub-sample of otolith pairs were split, one otolith from 
each pair was sectioned in the normal way (see above), while the other was simply read as a 
whole otolith in much the same way that Rapson (1956) prepared his otoliths. These were 
viewed at 20x magnification under both reflected and transmitted light with a compound 
microscope. These otoliths exhibited less clear alternating opaque and translucent zones, but 
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To investigate the level of observer error incorporated into estimates of sectioned blue cod 
otolith zones, the variations between sectioned otolith zone counts from two independent 
readers were plotted and comparisons made. Mean completed zone counts from sectioned 
otoliths, break and bum otoliths, whole otoliths, and scales, as well as otolith weights and 
lengths of the same fish were also compared. 
2.2.2 Marginal increment analysis of sectioned otolith 
fu order to determine the periodicity of alternation between translucent and opaque zones, two 
measurements were taken from each otolith (Hood & Johnson, 2000). Firstly, a combined 
measurement of the cross section width of the last complete opaque zone and the last 
translucent zone inside that was recorded as a. Secondly, the most recently deposited (outside) 
translucent zone measured from the end of a to the margin was recorded as b. Note that b 
continues into the new opaque zone on the periphery until it becomes a true zone (surrounded 
by translucent zones), then b becomes a and b=O. The marginal increment of each otolith was 
then determined from the ratio of b to a (i.e., the marginal increment= bla). 
As there was considerable uncertainty in measurements of marginal increments ( e.g., unclear 
zone definition and variable zone width), a second and simpler method of indirect otolith 
validation was also used. From each otolith, the appearance of the zone at the margin was 
recorded as either opaque or translucent and the proportion of opaque peripherally zoned 
otoliths was calculated for each sample and plotted. 
2.2.3 Oxytetracycline marking 
Prior to injection and field release of blue cod, a short-term lab-based experiment was carried 
out to determine the optimal dose of OTC. Previously, Carter (1992) used 30 mg/kg to mark 
Northland blue cod otoliths, but had limited success in achieving an effective mark. 
To determine a dosage that was sub-lethal, yet still an effective marker, fish were injected at a 
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control groups, five fish were used in each treatment. A previous study on sablefish 
(Anoplopoma fimbria) found little advantage in doses over 100 mg OTC/kg (McFarlane & 
Beamish, 1987) so the test doses used were; 0 (control), 25, 50, 75 and 100 mg of OTC per kg 
of body weight (Roscocycline-5 oxytetracycline hydrochloride 50 mg/ml) injected 
intramuscularly. A second control group was injected with 100 mg saline solution/kg of fish 
also used to test for possible volume effects of the injection. 
2.2.4 Oxytetracycline validation 
In January and March 1995, blue cod were caught by a commercial vessel using cod pots in 
both Foveaux Strait and Paterson Inlet (see Chapter 4). A total of 723 blue cod were 
anaesthetised-using quinaldine, and injected with 50 mg OTC/kg of fish weight, tagged (see 
Section 4.2.1), and released where caught (Figures 4.12 & 4.13). Of these, 284 fish were 
released at five sites on commercial grounds near Half-Moon Bay from 18-24 January 1995, 
and a further 439 were released at eleven sites in Paterson Inlet from 19-26 May 1995. Fish 
weight was recorded and their total length measured to the nearest 5 mm below. Tagged fish 
ranged in size from 190-510 mm (mean 330 ± 2.2 mm se). 
The experiment was widely publicised in fishing association newsletters (Carbines, 1994a), 
magazine articles (Carbines, 1994b, 1995a), local newspapers (Nixon, 1995; Rydholm & 
Squires, 1995, 1996) and on national and local radio. Posters were also placed at local notice 
boards and major fishing access points around both Stewart Island and Bluff. Over the next 
two years, fish were returned (without reward) by fishers. 
Upon return, tagged fish were measured, sexed, and then frozen for later processing. The 
sagittal otoliths, fin rays and fin spines were later removed and stored in black plastic film 
canisters to protect OTC marks from sunlight. 
Otoliths were marked along the ventral axis on the lateral surface, embedded in epoxy resin, 
sectioned to a thickness of approximately 250 µm and then photographed under transmitted 
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(wavelength 400-440 nm) at 20x magnification and photographed. Fin rays and spines were 
processed in a similar way. All photographs used colour film. 
White light photographs of otoliths, fin ray, and spine sections were then placed in separate 
coded envelopes with no information about the identity of each fish, or its date of tagging or 
recapture. They were then aged by counting opaque zones on the photographs and annulus 
locations were marked on overlaid transparencies. The reader did not see the UV photographs 
or know the time of recapture in order to assign an age to each fish. 
Sectioned otoliths were then examined under a microscope with full knowledge of the date of 
tagging and recapture. Independently of the first reading, the reader then recorded on the 
photographs the location of the opaque zone judged to have formed in the winter immediately 
prior to tagging (i.e., 1994) and marked on the transparency the anticipated location of the 
tetracycline mark (assuming one band formed per year). The high magnification white light 
photographs were then independently compared with their UV counterparts to establish the 
position of the OTC mark with respect to the predicted location. 
2.2.5 Von Bertalanffy model of growth 
The most commonly used model of growth for length 1s the three-parameter equation 
developed by von Bertalanffy (1938). 
Where Lt is the length at age t, LX) is the average size of a population of animals each at age 
infinity, K is the growth coefficient that determines the growth rate towards the maximum, 
and to allows for apparent non-zero body lengths at age zero. 
While alternative models are available (Schnute, 1981 ), von Bertalanffy growth models are 
generally good descriptions of the growth of reef fish (Ricker, 1987). Consequently, von 
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and female blue cod. Growth models were derived from the sectioned otolith age estimates 
and macroscopic sex data from the biological samples described in Section 2.2.1. 
Because of the non-linear nature of the von Bertalanffy growth model it is not possible to use 
a standard analysis of covariance (ANCOV A) to compare growth curves. Instead, likelihood 
ratio tests were used (Kimura, 1980, see Section 3 .1 for a more detailed description). These 
tests use a null hypothesis that two ( or more) independent curves can be fitted to the data; 
alternative hypotheses are then compared against this. The standard description of the 
likelihood ratio methodology is given by Kimura (1980). In this study the alternative 
hypotheses were first, that all curves are coincident, second, that the Loo values were equal, 
third, that K values were equal, and fourth, that to values were equal. The test calculates a 
statistic, which is compared to the x2 distribution with degrees of freedom equal to differences 
in the number of constraints in the two hypotheses being tested. 
2.3 Results 
2.3 .1 Comparative ageing methodologies 
The variation between sectioned otolith opaque zone counts estimates from two independent 
readers was plotted and a linear regression fitted (Figure 2.6). Counts of the same otolith 
could differ by up to three zones. However, discrepancies tended to occur only among otoliths 
that both readers had independently noted as ambiguous. The mean estimated counts from the 
sectioned otoliths were 7 .88 ± 0.11 (reader 1) and 7 .94 ± 0.24 (reader 2) with an average 
difference of 0.59 ± 0.03 zones (note this difference is a mean error rather than a positive 
bias). The similarity of readings is perhaps best shown by the Pearson correlation of 0.92. A 
paired t-test showed no significant difference between readings and inspection of figure 2.6 
shows no apparent bias. 
In contrast, there was a poor correlation between the number of zones in scales and those in 














Chapter Two Age determination, validation & growth Page 21 
than 8.18 ± 0.09 derived from equivalent sectioned otoliths. The mean difference in zone 
counts between these two methods was 3.25 ± 0.09 with a maximum difference of 13.3 zones. 
Scales tended to consistently underestimate opaque zone counts from equivalent sectioned 
otoliths. The Pearson correlation between these two variables was 0.29, and at-test showed a 
highly significant difference between counts (p<O.0001). 
Broken and burnt otoliths were more ambiguous than sectioned ones, showing variations of 
up to six zones with equivalent estimates from sectioned otoliths (Figure 2.8). While the mean 
count of both methods was similar (i.e. break and burn otoliths 8.15 ± 0.13, sectioned otoliths 
8.60 ± 0.18), the mean difference was 1.25 ± 0.12 zones. A paired t-test showed a significant 
difference between these methods (p=0.005) and the Pearson correlation was only 0.45. This 
may result from blue cod otoliths being small, brittle, and difficult to break cleanly, giving 
less consistent counts of zone numbers. 
Whole otoliths tended to underestimate the otolith zone numbers because they were harder to 
interpret and, on average zone counts from whole otoliths were 3.02 ± 0.22 zones below 
sectioned otolith zone counts (Figure 2.9). A paired t-test showed a significant difference 
between these methods (p<0.0001). The Pearson correlation was only 0.33, confirming that 
whole otoliths zone counts are inconsistent with counts from equivalent sectioned otoliths. 
The relationship between sectioned otolith zone counts and otolith total length was non-linear 
(Figure 2.10). Consequently, a log normal regression line was fitted to the data. However, the 
R2 value was a low 0.28 and the maximum variation in estimates was nine zones, confirming 
a highly variable relationship between otolith length and zone counts. 
A comparison between sectioned otolith zone counts and whole otolith weight also showed a 
weak relationship (Pearson correlation= 0.65) with zone counts from otoliths when sectioned 
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2.3 .2 Marginal increment analysis of otoliths 
Mean marginal increment measurements showed no clear patterns (Figure 2.12). This was due 
mainly to unclear zone definition and variable zone width resulting in considerable reader 
uncertainty. However, another indirect method of otolith validation gave a clearer result, and 
interpretations of zone appearance at the otolith margin were far less ambiguous than 
measures of marginal increments. A temporal plot of the mean proportion of opaque zones at 
the otolith margin shows that nearly all fish had opaque marginal zones in July and September 
(Figure 2.13). 
2.3.3 Oxytetracycline marking 
Increasing dosages of OTC caused a direct increase in the readability of fluorescent marks up 
to 100% at doses of 75 and 100 mg OTC/kg of fish weight (Figure 2.14). However, a dose 
related mortality effect was evident. A maximum mortality rate of 40% was observed in the 
100 mg OTC/kg treatment and the 100 mg saline solution/kg control, suggesting a volume 
effect (Figure 2.14). 
2.3.4 Oxytetracycline validation 
Up to the end of 1996, 44 fish were recaptured from the tagging experiment. Of the 21 fish 
returned whole, 16 contained adequate OTC marks in sectioned otoliths for age validation 
analysis. The lengths of these fish ranged from 305 mm to 445 mm (Table 2.1 ). Eight of the 
fish were recovered by coded wire tags (CWT) only, meaning that only a batch number could 
be determined (see Chapter 4) and no release length could be derived. Time at liberty for all 
tetracycline fish ranged from 0.13 to 1.15 years (Table 2.1 ). 
The OTC marks were clearly visible in all 16 sections and their discrete width and clarity was 
consistent between otoliths (e.g., see Figures 2.15 - 2.18). While OTC marks were usually 
clear throughout the otolith (Figure 2.16), the dorsal tip frequently had the clearest ring 
definition (Figures 2.17 & 2.18). Counts of growth zones in the white light photographs of 
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using a microscope. This was because photos did not allow for minor adjustments in lighting, 
focal plane and magnification that sometimes aid in zone counts. 
Opaque zone counts made while the year of recapture was known ( count 2) were tested by 
comparing the position of the OTC mark inferred from the opaque zone number estimate with 
the actual OTC mark (mark location vs. expected location, Table 2.1). This produced an R2 
value of 0.97, and although some small variation occurred in the inter-zone quartile of the 
observed and expected mark location, no mark was observed in an erroneous year location 
(Table 2.1). 
While this result provides strong support for an annual periodicity of zone formation in blue 
cod otoliths, the exact time of opaque zone formation is not as discrete as the marginal 
increment analysis suggests (Figures 2.12 & 2.13). This was due to variations between 
estimated and actual OTC marks occurring at both plus and minus one quarter of a year (Table 
2.1). 
Fin spines provided a clear zoning pattern, often with better clarity and discreteness of zones 
than otoliths (Figures 2.19 & 2.21). Adequate tetracycline marks were observed in the spines 
of five of the fish shown in table 2.1. These were processed using the same methodology as 
for otoliths outlined above (Table 2.2.). Count 2 zone counts taken from these spines showed 
100% agreement with their equivalent otolith counts. While there was some initial uncertainty 
about where band counts should begin for two fish (Table 2.2), after deliberation and 
microscopic examination, a second more confident count was made (count 2). Both counts 
were made without knowledge of OTC mark locations. Opaque zone counts made while the 
year of recapture was known were tested by comparing the position of the OTC mark inferred 
from the opaque zone number estimates with the position of the actual OTC mark (mark 
location vs. expected location, Table 2.2). This produced an R2 value of 0.99 and as with 
otolith counts, no mark was observed in an erroneous year location and only one variation 
occurred in the inter-zone year quartile of the observed and expected mark location. While the 
sample here is very small, the results provide support for an annual periodicity of opaque zone 
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Fin rays also provide an obvious although double zoning pattern. These also had better clarity 
and discreteness of zones than otoliths (Figures 2.23 - 2.26). Adequate OTC marks were 
observed in the rays of six of the fish shown in table 2.1. The discreteness of zones left no 
confusion between counts (Table 2.3). However, unlike fin spines, zone counts taken from 
these fin rays had less agreement with their equivalent otolith zone counts and often tended to 
under-estimate zone numbers (Table 2.3). This was due mainly to the double zoning pattern of 
fin rays causing actual zones to be comparatively smaller and therefore harder to detect, 
especially the early inner zones ( compare Figure 2.26 with Figure 2.22). The validity of the 
opaque zone counts was again tested by comparing the position of the OTC mark inferred 
from the opaque zone number estimates with the position of the actual OTC mark (mark 
location vs. expected location, Table 2.3). This produced an R2 value of 0.99, and like otolith 
and fin ray counts, no mark was observed in an erroneous year location and only one variation 
occurred in the inter zone quartile of the observed and expected mark location. Again, the 
sample here is very small, but the results provide good support for an annual periodicity of 
zone formation in blue cod fin rays, although their use is limited because of possible 
interpretation errors in the early bands. 
2.3.5 Von Bertalanffy model of growth 
In order to determine whether the two sexes of blue cod differed significantly in their overall 
growth pattern, a separate curve was fitted for each sex. It appears that in Foveaux Strait, male 
blue cod grow faster than females at ages greater than four years (Figure 2.27). Growth was 
described for females as Lt= 345(1-e-0·35(t-1.22)) and for males as Lt= 415.5(1-e-0·29Ct-1.22)). The 
hypothesis that both data sets could be described by a single curve was rejected (x2c3)=122.32, 
p<0.0001). There was also a difference between Leo for males and females (X2(lr14.97, 
p<0.0001), but neither K (x\l)=l.06, p=0.3032), nor to (x2(lr0.05, p=0.8318) differed 
between the sexes . 
24 
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2.4 Conclusion 
2.4.1 Comparative age methodologies 
For separate readings of the same-sectioned otolith, interpretation or bias between readers was 
low. This was true even when all otoliths, including ambiguous ones, were used in the 
comparison. Comparisons between sectioned otoliths and the alternative ageing methods 
proved inconsistent. Scales tended to underestimate zone counts in relation to sectioned 
otoliths however some experimentation with polarised light may improve this result. There 
was also a tendency for break and bum otoliths to slightly underestimate zone numbers in 
relation to equivalent sectioned otolith. Whole otolith counts underestimated zones, by an 
average of three zones. Neither otolith length nor weight provided a satisfactory comparison 
with sectioned otolith zone counts. 
2.4.2 Marginal increment analysis of otolith 
While results of the marginal increment analysis of sectioned otoliths were inconclusive, the 
mean proportion of opaque zones at the otolith margin validate a single annual opaque zone. 
There appears to be a slow formation of a single opaque zone at the later phase of winter, 
which presumably represents the slowing of growth at that time. 
2.4.3 Oxytetracycline marking 
The optimal OTC dose rate implied from the laboratory trials was 50-75 mg OTC/kg. 
However, a volume effect was also evident, suggesting that future trials should consider trying 
higher concentrations of OTC. 
Mortality rates resulting from OTC injection have been shown to vary in the field compared to 
laboratory findings (McFarlane & Beamish, 1987). Consequently, prior to the field release, 
blue cod were tagged (see Chapter 4) and twenty injected with 50 mg OTC/kg, twenty with 75 
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field overnight in cod pots. No mortality occurred with the control fish, however, mortality 
levels were 20% among the 50 mg OTC/kg group, and almost 80% for the 75 mg OTC/kg 
group. Due to the increased sensitivity to OTC displayed by field "release" fish, a dose of 50 
mg OTC/kg of fish weight was finally recommended, with an expected marking rate of 80%. 
2.4.4 Oxytetracycline validation 
While sample sizes and time at liberty in this study were quite small compared to studies such 
as that of Francis et al. (1992), the results presented here support annual periodicity of zone 
formation in the tissues observed. The use of sectioned otoliths as an accurate method of 
ageing Southland blue cod is supported by this study and concurs with previous findings for 
Northland blue cod (Carter, 1992). 
While sectioned otoliths, fin spmes, and fin rays also showed annual periodicity in the 
formation of opaque bands, the small sample sizes means the annual error rate (i.e., zero) is 
only approximate. The short periods at liberty of OTC marked fish are also a problem. As no 
marked fish were recovered after more than 1.2 years the validation is not complete. However, 
when considered in conjunction with Carter's (1992) equivalent result for Northland blue cod 
(n=6), it is possible to conclude that otolith zone patterns are annual, at least for fish of the 
size range injected in the two studies (290-390 mm Carter, 1992: 305-445 mm current study). 
The use of fin spines is potentially valuable as an alternative ageing technique for blue cod as 
this method can be used without sacrificing fish for an age estimate. However, the extremely 
small sample size used in the current study means this conclusion is only preliminary. The use 
of fin rays for ageing blue cod should be treated with more caution as they were prone to 
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2.4.5 Von Bertalanffy model of growth 
It is apparent that Southland male blue cod grow faster than females. It seems that while both 
male and female blue cod grow at about the same rate initially, males ultimately reach a larger 
size than females. However, this may not be a valid comparison for animals that change sex, 
as it seems blue cod do (See Chapter six). Since a growth curve of this type is a history of 
each animal's growth, the male growth curve will contain a confounded mix of both primary 
and secondary males growth trajectories that cannot be separated based on gonad structure 
(See Chapter six). The question also remains, do faster growing females change sex to 
become males or do individuals that have changed sex (for what ever reason) then grow faster 
as males? 
2.4.6 General conclusion 
To achieve successful fluorescent marking of otoliths in the current study, the required OTC 
concentration was approximately twice that used by Carter (1992). This explains why Carter 
(1992) had difficulty in achieving a successful mark. However, levels of OTC used in the field 
release phase were lowered from the optimal levels determined in the laboratory study due to 
increase mortality in the field. This result supports McFarlane and Beamish's (1987) general 
conclusion that OTC mortality is higher in field studies. 
Although no OTC marked blue cod were recovered after 1.2 years, results were indicative of a 
single annual opaque zone formed in otoliths. Marginal increment measures also proved 
inconclusive due to difficulties in interpreting sectioned otolith zone edges, however the 
proportion of opaque zones at the otolith margin clearly showed a single opaque zone forming 
in late winter to early spring. In conjunction with Carter's (1992) findings, this study confirms 
the annual periodicity of the translucent-opaque zone patterns in blue cod otoliths over 300 
mm in total length. Further validation of age estimates form smaller blue cod are still required. 
Also, the validity of counting all opaque zones as annuli has not been validated by the 
methods used, and no supporting data are presented to validate the ages assigned due to the 
absence of small/juvenile fish to identify the first annuli. The opaque zone designated as the 
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may have been aged one year older than their true age (this would help explain the relatively 
large positive to = 1.22). Without supporting information from small fish it is not possible to 
distinguish amongst these alternative interpretations and further investigation is required. 
Due to the aforementioned validation of periodicity, and the high levels of consistency 
between readers of sectioned otoliths, it is also concluded that the use of sectioned otoliths is 
currently the best method for ageing blue cod. fu contrast, blue cod age estimates from broken 
and burnt otoliths used in past studies must be treated with some caution as this method has a 
high variation in estimates of age. A tendency for broken and burnt otoliths to slightly 
underestimate age should also be considered when reviewing age data collected by this 
method (e.g., Mutch, 1983; Carter, 1992). Readings of whole otoliths were even more 
unreliable, underestimating age, on average, by three years, and this method should not be 
used to age blue cod. Past studies using this method (e.g., Rapson, 1956) should therefore be 
treated with extreme caution. 
Results also showed that blue cod age could not be predicted by either otolith length or weight 
with any precision. This is perhaps due to the small size of blue cod otoliths causing relatively 
higher levels of imprecision, or because otolith size may depend on growth rates as well as 
age (Francis et al. 1992). Neither of these methods should be used to age blue cod. Using 
scales to age fish generally should also be avoided as this method tends to greatly 
underestimate age in blue cod and many other species (Beamish & McFarlane, 1983; 
Stevenson & Campana, 1992). 
Although samples were small, results from the OTC marking study show that fin spines are 
potentially a useful structure for ageing blue cod, as they are clearer than sectioned otoliths, 
and have the advantage of not sacrificing fish. More work is encouraged in this area. fu 
contrast, fin rays were more ambiguous due to a double zoning pattern. 
Growth of Southland blue cod was described by von Bertalanffy growth cures, and 
comparisons further showed that male blue cod grow faster than females. Mutch (1983) also 
observed this result for Northland blue cod. A significant difference in maximum attainable 
28 
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size of male and female blue cod may explain the dominance in larger size classes by male 
blue cod observed in some Southland trawl surveys (e.g., Hurst & Bagley, 1997). 
Blue cod collected in Southland were both larger, and older than those reported from other 
areas. Blue cod growth in Southland was comparable to other areas, with males reaching the 
minimal legal size (MLS = 330 mm TL) in less than seven years, and females in less than ten 
years. This is consistent with Carter's (1992) observations of blue cod caught in Bluff, but as 
Carter caught few fish over MLS in other areas, further comparisons were not possible. 
However, among Carter's (1992) descriptions of blue cod growth in nine areas throughout 
New Zealand (total sample = 305), blue cod in Bluff had the fastest growth rates. Mutch 
(1983) observed that in Northland, males reached MLS (approximately 285 mm SL) in less 
than seven years, and females in less than eight years. However, Mutch (1983) observed only 
two females at this size, and as both Mutch (1983) and Carter (1992) were likely to over 
estimate growth through using the break and bum otolith method of ageing, these comparisons 
must be treated with some caution. Rapson (1956) used whole otoliths to determine that 
Foveaux Strait blue cod reached MLS in less than six years. Given the results of the current 
study, it would be expected that Rapson would underestimate the age of blue cod using whole 
otolith. 
The results of this chapter have implications of further comparisons of blue cod growth 
between geographical areas as discussed in Chapter three, and have relevance to reproductive 
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2.5 Tables & Figures 
TABLE 2.1. Tag information and age estimates of oxytetracycline (OTC) marked blue cod otoliths. 
OTC mark locations are given as a quartile of the gap between observed opaque zones. CWT 
indicates fish were identified by coded wire tags and a batch number only. 
Tag Tagging Date Date Years Zone Zone Mark Expected 
number size (mm) tagged Recaptured At liberty count1 count2 location location 
524 420 January-95 September-95 0.67 9 9 8.75 8.50 
807 430 January-95 July-95 0.46 8 8 7.75 7.50 
819 340 January-95 February-96 1.07 6 6 5.50 5.50 
1447 425 January-95 February-96 1.07 9 9 8.25 8.50 
590 445 January-95 March-96 1.15 10 10 9.75 9.50 
595 355 January-95 March-96 1.15 11 10 9.25 9.50 
1728 365 January-95 September-95 0.66 10 10 9.75 9.50 
Bn2369 CWT May-95 July-95 0.13 9 9 9.00 8.75 
Bn2365 CWT May-95 July-95 0.13 8 8 7.75 7.75 
Bn2212 CWT May-95 September-95 0.34 11 11 10.75 10.75 
Bn2274 CWT May-95 September-95 0.34 7 7 6.75 6.75 
2283 CWT May-95 March-96 0.82 7 8 7.25 7.75 
2228 CWT May-95 March-96 0.82 6 7 6.25 6.75 
Bn2370 CWT May-95 September-95 0.34 7 7 6.75 6.75 
Bn2388 CWT May-95 September-95 0.34 7 7 6.75 6.75 
186 305 May-95 March-96 0.82 9 9 8.50 8.75 
TABLE 2.2. Tag information and age estimates of oxytetracycline (OTC) marked blue cod fin spines. 
OTC mark locations are given as a quartile of the gap between observed opaque rings. CWT indicates 
fish were identified by coded wire tags and a batch number only. 
Tag Tagging Date Date Years Zone Zone Mark Expected 
number size (mm) tagged Recaptured At liberty count1 count2 location location 
819 340 January-95 February-96 1.07 6 6 5.50 5.50 
1447 425 January-95 February-96 1.07 10 9 8.50 8.50 
595 355 January-95 March-96 1.15 11 10 9.50 9.50 
2283 CWT May-95 March-96 0.82 8 8 7.75 7.75 
Bn2388 CWT May-95 September-95 0.34 7 7 6.50 6.75 
TABLE 2.3. Tag information and age estimates of successfully oxytetracycline (OTC) marked blue 
cod fin rays. OTC mark locations are given as a quartile of the gap between observed opaque zones. 
CWT indicates fish were identified by coded wire tags and a batch number only. 
Tag Tagging Date Date Years Zone Zone Mark Expected 
number size (mm) tagged recaptured At liberty count 1 count 2 location location 
819 340 January-95 February-96 1.07 6 6 5.50 5.50 
1447 425 January-95 February-96 1.07 8 8 8.50 8.50 
590 445 January-95 March-96 1.15 10 10 9.50 9.50 
595 355 January-95 March-96 1.15 9 9 8.50 8.50 
2283 CWT May-95 March-96 0.82 8 8 7.50 7.75 
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FIGURE 2.1. Chart showing the locations and order of the eight biological samples collected in 
Foveaux Strait along the northeast coast of Stewart Island . .A. show tag release sites. 
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FIGURE 2.2. Primary scale with growth zones marked (4x). 
FIGURE 2.3 . Sectioned otolith with opaque growth zones marked (35x). Marginal increment 
measurements a and b are shown. 
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FIGURE 2.4. Broken and burnt otolith with opaque growth zones marked (25x). 
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FIGURE 2.12. Mean(± se) otolith marginal increments of the eight sample periods (n=385). 
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FIGURE 2.14. The effect of OTC dosage on the mortality of blue cod and the percentage of 
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FIGURE 2.15. OTC marked sectioned otolith in white light (20x). 
FIGURE 2.16. OTC marked sectioned otolith in ultra violet light (20x). 
39 
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FIGURE 2.17. OTC marked sectioned otolith in white light ( 40x). 
FIGURE 2.18. OTC marked sectioned otolith in ultra violet light ( 40x). 
40 
Chapter Two Age determination, validation & growth Page41 




FIGURE 2.20. OTC marked sectioned fin spine in ultra violet light (40x). 
) 
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FIGURE 2.21. OTC marked sectioned fin spine in white light (lOOx). 
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.. FIGURE 2.23. OTC marked sectioned fin ray in white light (40x) . 
FIGURE 2.24. OTC marked sectioned fin ray in ultra violet light (40x). 
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FIGURE 2.25. OTC marked sectioned fm ray in white light (lOOx). 
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FIGURE 2.27. Comparison of Foveaux Strait male (n=l85) and female (n=249) blue cod von 
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Chapter Three Spatial comparisons of age & growth 
Chapter Three 




Chapter two of this study validated age estimates from sectioned otolith, and compared 
various other aging techniques for blue cod. It found that most previously used methods tend 
to underestimate age and therefore over estimate growth. As a consequence, previous growth 
estimates showing that Southland blue cod reach the minimum legal size (MLS, 33 cm total 
length) in 5-6 years (Rapson, 1956; Carter, 1992) are incorrect. Sectioned otolith readings 
show that it takes almost seven years for males, and over nine years for females to reach MLS 
in Southland. Using whole otolith, Rapson (1956) showed that it takes 6-8 years for blue cod 
to reach 33 cm in the Marlborough Sounds and 5-6 years in Southland. Blackwell (1997) has 
since used sectioned otoliths to estimate age and growth of blue cod in the Marlborough 
Sounds, and found that males actually reached 33 cm in 8 years and females in more than 12 
years. However, when compared separately, each ageing method agrees that blue cod in the 
south grow faster than their northern counterparts. Further more, growth rates may also vary 
over much smaller spatial scales, suggesting that growth depends on the availability of food or 
other localised environmental variables (Mutch, 1983; Carter, 1992). It is because blue cod are 
relatively sedentary with a patchy distribution that they appear to form localized populations, 
which may have different growth rates (Rapson, 1956; Mace & Johnston, 1983; Mutch, 1983, 
Carter, 1992). 
Growth rate is an important parameter, as it determines the production/biomass ratio of a 
fishery and a reduced growth rate results in a reduced yield per unit stock. Slower growth can 
also cause a decrease in the number of survivors recruiting into the fishery, and a slower 
recovery rate after exploitation (Buxton, 1993). Spatial variations in the growth of a species 
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models can be applied, and management implemented. Chapter three therefore, compares the 
growth of blue cod over various geographical scales to determine the degree of spatial 
variability in growth rates within the Marlborough Sounds. It also aims to estimate growth 
over spatial areas that are most appropriate for future population dynamic models, stock 
assessment and management of blue cod in the Marlborough Sounds. 
The Marlborough Sounds were chosen as the study area for Chapter three for two reasons. 
Firstly, because of serious concerns about the status of blue cod stocks in the Marlborough 
Sounds (Annala et al., 2000). Secondly, because of the availability of an unprocessed otolith 
collection taken throughout the Marlborough Sounds (Blackwell, 1997, 1998). 
The most recent assessment presented in the report from the 2000 Fishery Assessment Plenary 
indicates that for all current blue cod Fishstocks (Figure 1.1 ), except BCO 7, the Total 
Allowable Catches (TAC) are sustainable (Annala et al., 2000). Further more, TACs are 
probably at levels which will allow the stocks to move towards a size that will support a 
maximum sustainable yield (MSY) (Annala et al., 2000). However, for BCO 7, and especially 
the Marlborough Sounds (Figure 3 .1 ), it is not known if recent catch levels are sustainable, or 
will allow the stock to move towards a size that will support the MSY (Annala et al., 2000). 
hnproved stock assessment was therefore required for this area. 
Fundamental to a number of stock assessment techniques is the ability to estimate growth. 
This is essential for determining the productivity of fish stocks and monitoring their responses 
to fishing. Unfortunately, the paucity of information on growth of blue cod in BCO 7 limits 
stock assessment and causes uncertainty about the status of this resource (McGregor, 1988; 
Annala et al., 2000). However, the description of growth is a basic problem in population 
biology. For fish populations, this usually means growth in length, and the two most common 
ways of estimating this is using age-length data (Kimura, 1980) or from length increment data 
derived from tagging experiments (Francis, 1988). Unfortunately, measurements of length 
from recaptured tagged blue cod were umeliable (see Chapter 5) so that an aging technique 
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The estimation of blue cod growth therefore required the development of an aging technique, 
validation of that technique, and its application to natural populations (Secor et al., 1995). 
Both Carter (1992) and I have used tetracycline marking to validate the annual periodicity of 
blue cod otolith ring formation, with Chapter two also showing an acceptable mean between-
reader variation of 0.59 ± 0.03 years for sectioned otolith. This made it possible to determine 
and compare growth among populations of blue cod using sectioned otoliths. 
In 1995 and 1996, Blackwell (1997, 1998) sought to "determine the size of blue cod in the 
Marlborough Sounds", and during these studies I requested that otoliths be collected 
opportunistically throughout both Queen Charlotte and Pelorus Sounds (Figure 3 .1 ). However, 
the number of otoliths collected was unbalanced across areas. In this chapter, I attempt to 
develop length at age growth models using the available otoliths for areas having sufficient 
sample sizes. 
Many empirical models have been developed to describe the growth of animals, including 
Gompertz (1825), logistic growth models (Verhulst, 1838), and von Bertalanffy (1938). 
Ricker (1979) reviews much of the historical literature. However, the most frequently used 
model to describe the mean growth in a population or sub population is the three parameter 
equation developed by von Bertalanffy (1938). Like most growth models, the von Bertalanffy 
growth equation is age-dependent. 
Comparisons of growth rates of populations and species are important in fisheries science for 
a range of reasons that vary with the context of each study. Most studies of fish growth have 
focused on the practical issues such as the most appropriate way of determining estimates of 
growth, and not the most appropriate way of comparing growth. It is important to recognize 
that there are several methods of making comparisons of growth, and that conclsions may 
differ depending on the method chosen (Wang, 2000). 
Most traditional methods of making comparisons among growth curves compare individual 
parameters and determine which ones are significantly different. However, it is important to 
remember that parameter estimates are often strongly correlated (Kirkwood & Somers, 1984; 
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parameters between stocks. One approach is to use parameter estimates in hypothesis tests. 
Kingsly (1979), Gallucci & Quinn (1979), and Misra (1980, 1986) carried out univariate 
comparisons based on either the student's t-test or the x2-test. However, for simultaneous 
comparisons of two or all three of the von Bertalanfffy parameters, Kingsley (1979) and 
Bernard (1981) suggested a procedure based on Hotellings T2 statistic. 
The second approach, proposed by Kimura (1980), is based on the likelihood ratio statistic 
and has been shown to be more reliable for comparing growth models because it is not biased 
by the parameter effects component of non-linear data (Cerrato, 1990). As in Chapter two, I 
therefore chose to use Kimura' s (1980) curve-fitting procedure and likelihood ratio test to 
compare the growth of blue cod between sites, areas, and strata of the Marlborough Sounds. 
3.2 Methods 
3.2.1 Sampling methodology and survey design 
In this section, I describe the methods used by Blackwell (1997, 1998) for collecting blue cod 
in the Marlborough Sounds. A physical description of the Marlborough Sounds (Figure 3 .1) is 
presented in Chapter One, Section 1.9.2. Suitable blue cod habitat within the Marlborough 
Sounds was assumed to include all possible sites over the rocky reefs and rubble banks that 
are commonly found off headlands and drop-offs within a band 10-60 m in depth. 
Queen Charlotte Sound and Pelorus Sound were sampled for blue cod using a hierarchical 
design with replicate fishing stations at each site. Sites were randomly selected within four 
fishing areas nested within each of eight sampling strata (Figure 3 .1 ). Details of the stratum 
boundaries are given in Appendix 3.1. Sampling was carried out in 1995 (Blackwell, 1997) 
and 1996 (Blackwell, 1998). During the 1995 survey, which concentrated on Queen Charlotte 
Sound, strata IQCH, OQCH, EQCH were surveyed, and strata OPEL and EOPE were 
surveyed in Pelorus Sound. During the 1996 survey, the two 1995 strata in Pelorus Sound 
were resurveyed (OPEL & EOPE) and three additional strata were added (IPEL, MPEL, 
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Within each stratum, eight areas of suitable rocky/rubble reef habitat were identified based 
upon marine charts and anecdotal evidence (C. Aston, commercial fisher, pers. comm. 1996). 
From these, four sampling areas were randomly selected (using random number tables). The 
time of sampling (morning or afternoon) was randomly allocated for each new sampling area 
to avoid any time bias. Two of the four areas were sampled in the morning, and two were 
sampled in the afternoon. For the areas re-sampled in 1996 (EOPE & OPEL), the sampling 
times allocated in 1995 were repeated. 
Nine fishing stations were established within each fishing area of each stratum, forming three 
replicates (a-c) at each of three sampling sites (1-3) randomly chosen within the available 
habitat. Based on previous tagging studies of blue cod in the Marlborough Sounds (Rapson, 
1956; Mace & Johnston, 1983), replicate sites are considered to be within the population 
mixing distance, sample areas were likely to experience only a small amount of interaction, 
and strata were probably isolated without significant stock mixing. 
The nine pots used in the 1995 and 1996 surveys were modified commercial cod pots. They 
were rectangular (1.87 x 1.40 x 0.93 m), constructed from a 40 mm diameter steel rod 
framework and covered with 60-mm nylon mesh. The bottom and sides of pots were fitted 
with a 15 mm galvanised wire mesh inner liner to retain small fish. Each pot had four 
entrances of 10 cm external diameter leading into a 20-cm long steel wire tube with an 
internal diameter of 8 cm. The internal entrance of this tube was provided with inward facing 
wire spines. The bait (frozen pilchard, Sardinops neopilchardus) was enclosed in a 15mm 
mesh bait bag attached to the inside bottom face of the pot. During both the 1995 and 1996 
surveys, two braided hand lines were also fished for 15 minutes at each station, using 6/0 kale 







Chapter Three Spatial comparisons of age & growth Page 51 
3 .2.2 Catch and biological sampling 
3.2.2.1 Data collection 
The length of blue cod (total length (TL), to the nearest centimeter below actual length), 
weight (to the nearest 1.0 g), sex, and gonad maturity stage (determined by dissection and 
visual examination) were measured and recorded for each blue cod. In addition, catch 
composition, abundance, catch per-unit effort (CPUE - kg/pot hour fished), environmental 
data, location, wind, cloud cover, water condition, and bottom type were recorded. For these 
data and details of maturity stages, see Blackwell (1997, 1998). 
The non-parametric Kolmogorov-Smirnov (KS) two sample test (Sokal & Rohlf, 1995) was 
used to test pair-wise differences between blue cod length frequency distributions. 
3.2.2.2 Otoliths 
The largest pair of otoliths, the sagittae, were removed by dissecting the cranial region, rinsed 
with water, air dried and stored in paper envelopes. Only 2051 otoliths were collected from 
4036 blue cod caught in the 1995 and 1996 surveys. The two sexes were analyzed separately 
as a significant a difference in growth between male and female Southland blue cod had been 
demonstrated (Chapter 2). Otoliths were therefore selected for processing from areas with 
sufficient numbers covering a wide size range for each sex. 
Otoliths were embedded in Araldite polymer resin and sectioned to approximately 250 µm 
thick along the transverse plane with a diamond-tipped cut-off wheel. The sections were then 
sanded with 600 grit sandpaper to remove saw marks and polished on a felt pad with 0.3µm 
alumina suspension polishing compound. Sections were observed at 40 and 1 OOx 
magnification under transmitted light with a compound microscope. 
Sections exhibited alternating opaque and translucent zones and age estimates were made by 
counting the number of annuli ( opaque zones) from the core to the distal edge of the otolith 
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i.e., annulus were counted only if they had a translucent zone on both sides. The readability of 
each otolith was graded from 1 (excellent) to 5 (unreadable). 
3.2.2.3 Comparisons of growth rates 
Starting at the smallest possible spatial scale (i.e., sites within areas), comparisons of growth 
were made where possible, and data progressively pooled to the next larger spatial scale. A 
significant result indicated that growth differed at that spatial scale, whereas non-significance 
showed there were no detectable differences. A temporal comparison was also made within 
OPEL and EOPE, which were sampled in both years. 
The most frequently used model to describe the mean growth in a population or sub 
population is the three-parameter equation developed by von Bertalanffy (1938). 
Where Li is the length at age t and Lw is the asymptotic mean length. K is the growth 
coefficient that determines the growth rate towards the maximum, and to allows for apparent 
non-zero body lengths at age zero. 
Two approaches can be taken in comparing von Bertalanfffy parameters between stocks. One 
approach is to use parameter estimates in hypothesis tests (Kingsly, 1979; Gallucci & Quinn, 
1979; Misra, 1980, 1986). The second approach, proposed by Kimura (1980), is based on the 
likelihood ratio statistic and has been shown to be more reliable for comparing growth models 
because it is not biased by the parameter effects component of non-linear data (Cerrato, 1990). 
I initially used Kimura's (1980) curve-fitting procedure and likelihood ratio test. However, 
Kimura' s method assumes that the residuals from fitting the von Bertalanffy growth model are 
normally distributed with constant variance. Inspection of diagnostic plots showed that data 
were normally distributed, but that the variance increased with age. This probably does not 
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I therefore applied an age-standardised randomization test. For each of 1000 simulated data 
sets, selected randomly with replacement from the original data, blue cod were allocated 
randomly to each subgroup (i.e. the two sexes or the two areas). The null distribution was 
generated by calculating, for each data set, the difference between the residual sum of squares 
obtained from fitting the full data (via Kimura's method) and that obtained by fitting the 
subgroups (again via Kimura's method) (A. Dunn, NIWA, pers. comm.). The probability that 
growth curves fitted separately to the two subgroups represented an improvement over fitting 
a single growth curve to the pooled data was determined by comparing the actual difference in 
residual sum of squares with the simulated null distribution. In conducting the randomization 
test, I randomly selected blue cod within each age class. This preserved the age structure of 
the different subgroups, and allowed a more accurate comparison. For this purpose, I rounded 
age estimates to the nearest 0.5 years before carrying out the test. 
The statistical programme S plus was used to test for normality and view the residuals of the 
length at age data. Von Bertalanfffy growth curves were then developed and compared using 
Kimura's (1980) likelihood method in 100 randomisations of the length at age data. A 95% 
confidence interval (CI) was then estimated for each parameter using 600 randomisations. 
3.3 Results 
3.3.1 Catch ofblue cod in areas of the Marlborough Sounds 
A total of 2140 blue cod (1366 male & 774 female) blue cod were caught in 1995, and 1896 
(1398 male & 498 female) in 1996. For more detailed information on the catch composition, 
CPUE, length frequency distribution, sex ratios, mortality, and yield per recruit, see Blackwell 
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3.3.1.1 Sex ratio 
The larger length classes (greater than or equal to 30 cm) tended to be dominated by males, 
whereas the smaller length classes had a more even sex ratio (Figures 3.2 & 3.3). Males were 
more common in all strata sampled during 1996, and all but OQCH95 in 1995 (Figures 3.2 & 
3.3). The overall percentage of males by stratum varied from 44% in OQCH95 to 84% in 
EQCH95. In the 1995 survey, the ratio of female to male blue cod in Queen Charlotte Sound 
increased from OQCH95 (1 :0.78) to EQCH95 (1 :5.2) (Figure 3.2). In Pelorus Sound, the same 
ratio increased from OPEL95 (1:1.27) to EOPE95 (1:3.0). In the 1996 survey, the ratio of 
females to males was similar between IPEL96 (1 :2.2), MPEL96 (1 :2.1) and OPEL96 (1: 1.9), 
but was notably higher in EOPE96 (1 :3.9) and DURV96 (1 :3.4) (Figure 3.3). 
3.3.1.2 Length frequency 
Mean fish size in IQCH95 were 31.1 cm for males and 30.2 cm for females. In OQCH95, 
mean sizes were 30.0 cm for males and 28.2 cm for females (Figure 3.2). These differences 
were not significant for either males or females (Kolmogorov-Smimov (K-S) tests, P>0.05). 
There was also no significant difference between the length frequency distributions of either 
male or female blue cod in IQCH95 and EQCH95 (K-S tests, P>0.05). However, males were 
larger in EQCH95 than OQCH95 (K-S test, P<0.05). The length frequency distributions of 
females did not differ significantly between these strata (K-S test, P>0.05). 
In Pelorus Sound (1995), mean size of male blue cod increased from OPEL95 (28.8 cm) to 
EOPE95 (30.3 cm), with a significant difference between the length frequency distributions of 
males in these strata (K-S test, P<0.001) (Figure 3.2). Large numbers of small females from 
OPEL95 (mean 25.2 cm) also resulted in a significant difference with the female length 
frequency distribution from EOPE95 (mean 25.3 cm) (K-S test, P<0.001). 
Comparing between the Pelorus and Queen Charlotte Sounds, the length frequency 
distributions of blue cod in the extreme outer strata (EOPE95 & EQCH95) were remarkably 
similar (Figure 3 .2), and showed no significant differences between either males or females 
(K-S tests, P>0.05). In contrast, the length frequency distributions of both males and females 
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and Queen Charlotte Sounds (OQCH95). This was due primarily to proportionately larger 
numbers of small fish in OPEL95 (Figure 3.2). 
In 1996, the mean size of male blue cod was similar among lPEL96 (29.1 cm), MPEL96 (29.0 
cm), and OPEL96 (29.9 cm). However, males were larger from EOPE96 (mean 31.0 cm) and 
DURV96 (mean 31.8 cm) (Figure 3.3). Mean size of female blue cod was similar between 
lPEL96 (24.1 cm) and MPEL96 (24.1 cm), but larger in EOPE96 (26.6 cm), OPEL96 (27.2 
cm), and DURV96 (27.7 cm). However, in contrast to results from 1995, all pair-wise 
statistical examinations showed no significant differences in the length frequency distributions 
of either males or females between any of these strata (K-S tests, P>0.05). 
Between the two years, the length frequency distribution of blue cod from the outer Pelorus 
Sound (OPEL) did not differ significantly for either males or females (K-S tests, P>0.05) 
(Figures 3.2 & 3.3). However, the length frequency distribution of blue cod in the EOPE 
differed significantly between years for males (K-S test, P<0.001), but not females (K-S test, 
P>0.05). 
3.3.2 Comparisons of blue cod growth within the Marlborough Sounds 
3.3.2.1 Selected Otoliths 
Of the 2051 otoliths collected, 1323 were selected for sectioning from strata containing 
sufficent numbers of otoliths in at least two areas and a wide size range for both sexes 
(IQCH95-50 male, 32 female; OQCH95-100, 110; EQCH95-125, 40; OPEL95-110, 102; 
EOPE95-122, 38; OPEL96-126, 90; EOPE96-l 78, 100). Of these 811 were males (18 - 47 cm 
TL), and 512 were females (17 - 40 cm TL). However, after sectioning, a further 54 otoliths 
were rejected as unreadable, leaving 1269 readable otoliths. 
3.3.2.2 Growth comparisons 
Statically significant comparisons between growth models must be interpreted not only in 
relation to the component model's ability to describe the data sets, but also with regard to the 
biological significance of any observed difference. Consequently, the ability of each growth 
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interval (CI) fitted to each variable, as well as the sample size and the length range from 
which data were derived. Growth curves for all comparisons are shown in Figure 3.4. Data 
points were not plotted as figures became too cluttered to be useful. 
3.3.2.3 Growth between sites 
Only a single comparison of growth was possible at the smallest spatial scale, between sites. 
Growth models of males were compared between sites A and C within an area (Forsyth 
Island) in EOPE96 (Table 3.1 & Figure 3.4). The 95% conference intervals (CI) were large for 
Loo and to, perhaps because the sample size of site C was small (n=49). There was no 
significant difference between growth models of male blue cod at this spatial scale. 
3.3.2.4 Growth among areas 
Descriptions of blue cod growth at the next spatial scale were much improved, and 
comparisons were possible among areas within five strata for males (Table 3 .1 ), and within 
three strata for females (Table 3.2). These comparisons are summarized in table 3.3a for both 
males and females. 
Males 
The extreme outer Pelorus Sound strata (EOPE) showed statistically significant differences 
among areas at the 1 % level in both 1995 and 1996 (Table 3.3a). Male growth in areas of the 
outer Pelorus Sound strata (OPEL) also differed, but only at the 5% level of significance in 
1996, and at the 10% level in 1995 (Table 3.3). 
While growth of male blue cod showed statistically significant differences among areas within 
most strata, Table 3 .1 shows that sample sizes were small for most areas within strata 
EOPE95, and the 95% CI for all variables was high. These observations suggest that growth 
in these areas was not well described by the model, and therefore results should be treated 
with some caution. However, figure 3.5 shows that growth models of male blue cod in the 
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the following year, growth of male blue cod in areas of EOPE96 were again statistically 
different, but in this comparison sample sizes were much larger and some smaller fish were 
present (Table 3.1). While this provided a better description of the data, some of the variables 
remained unstable (Table 3 .1 ). The growth models in these areas also overlapped, but may 
have biologically significant differences between older fish (Figure 3.5). 
Growth of male blue cod in areas of the outer Pelorus Sound strata (OPEL) also differed, but 
only at the 5% level of significance in 1996, and at the 10% level in 1995 (Table 3.3a). 
However, in both of these comparisons, several components of the model showed a large 95% 
CI and sample sizes were again relatively small, especially in OPEL96 (Table 3 .1 ). The 
observed difference in growth between these areas was not convincing because growth models 
also showed relatively little biological difference over the equivalent length ranges sampled 
(Figure 3.5). 
The comparison of male growth between areas in outer Queen Charlotte Sound (OQCH) 
showed no statistical difference (Table 3.3). Although several parameter 95% CI were wide 
(Table 3 .1 ), overlapping growth curves supported the validity of a non-significant result 
(Figure 3.4). 
Females 
Growth models of females showed no statistically significant differences between any areas 
within strata (Table 3.3a). However, the low numbers of female blue cod sampled meant that 
comparisons among areas could be made in only three strata (Table 3.2). Further, comparisons 
of female growth within EOPE96 and OPEL95 were made between some relatively poor 
component growth models compared to a somewhat more convincing comparison within 
OQCH95 (Table 3.2 & Figure 3.6). 
3.3.2.4 Growth among strata 
Comparisons of growth at the next spatial scale were possible among all selected strata in both 
Pelorus and Queen Charlotte Sounds for males (Table 3.1), and all but IQCH95 for females 
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Males 
Comparisons of growth models for male blue cod in Queen Charlotte Sound showed 
statistically significant differences among the three strata at the 1 % level of significance 
(Table 3.3b ). With relatively large sample sizes and length ranges, estimates of Lex) were 
improved, but estimates of K and to were still somewhat unstable (Table 3.1). However, 
differences between growth curves of strata in Queen Charlotte Sound seem to be biologically 
significant, with growth of older fish notably faster in EQCH95 (Figure 3.7). 
The two strata of Pelorus Sound also showed statistically significant differences between the 
growth of male blue cod at the 1 % level in 1996, but only at the 10% level in 1995 (Table 
3.3b). Growth models gave a relatively good description of the data, and showed consistently 
faster growth in the extreme outer Pelorus Sound in both years (Table 3.1). This difference in 
growth also appears to be biologically significant among older fish (Figure 3.7). 
Two strata in the Pelorus Sound were sampled in both 1995 and 1996. A temporal comparison 
between years showed no significant difference in the growth of male blue cod in the outer or 
extreme outer Pelorus Sound (Table 3.3c). Spatially equivalent growth curves were consistent 
between years (Table 3.1 & Figure 3.7). 
A comparison of equivalent regions between Pelorus and Queen Charlotte Sounds showed 
similar growth curves in the outer strata, but significantly faster growth to larger sizes in 
extreme outer Queen Charlotte Sound (Table 3.3d). These observations appear to also be 
biologically significant (Table 3.1 & Figure 3.8). 
Females 
For female blue cod, comparisons of growth were possible between all strata of both years in 
Pelorus Sound, and all strata except IQCH in Queen Charlotte Sound (Table 3.3). There were 
no statistically significant differences between strata within either the Queen Charlotte or 
Pelorus Sounds (Table 3.3b). 
Within Queen Charlotte Sound, growth models appear to have provided a good description of 
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curves in these strata were also extremely similar over the available sample range, reinforcing 
the statistically non-significant result (Figure 3.7). 
Within Pelorus Sound, models of female growth were not as successful at describing female 
blue cod length at age data, and estimates of Lo and to in EOPE95 were both unstable and 
extrapolated well beyond the data range (Table 3.2). Allowing for these shortcomings, female 
blue cod growth curves in strata in the Pelorus Sound were remarkably similar over the 
available sample ranges (Figure 3.7). 
Comparison between years showed no significant difference in the growth of female blue cod 
in both strata of the Pelorus Sound (Table 3.3c & Figure 3.7). 
A comparison between equivalent regions of Pelorus and Queen Charlotte Sounds showed 
significant differences in both the outer and extreme outer strata of these Sounds (Table 3.2d). 
However, the growth model was a poor fit for female blue cod length at age data in EOPE95 
(Table 3.2). Given the similarity of growth curves in the outer strata (Figure 3.8), the observed 
significant differences were not biologically convincing. 
3.4 Conclusion 
3 .4.1 Population size and sex composition 
Catch per unit effort (CPUE) may provide a useful index of relative abundance for blue cod in 
the 1995 and 1996 blue cod surveys of the Marlborough Sounds. CPUE was proportionally 
lower in the inner strata (IQCH in 1995, IPEL in 1996) and higher in the outer strata of both 
Pelorus and Queen Charlotte Sounds (OQCH, EQCH, OPEL, and EOPE) (Blackwell, 1997, 
1998). Similar patterns occurred between 1995 and 1996 for the OPEL and EOPE strata, and 
these trends have been attributed to recreational over fishing and local depletion in the inner 
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Blackwell (1997, 1998) further suggested that a decreasing mean size along a gradient from 
extreme outer to inner Pelorus Sound is indicative of higher fishing pressure in inner Pelorus 
Sound. Pair-wise statistical examination of the 1995 length frequency distributions showed a 
significant difference for both sexes between OPEL95 and EOPE95. However, Blackwell's 
(1997, 1998) conclusion is not supported by the current study as no significant length 
frequency differences were detected between any Pelorus Sound strata in 1996. 
Significant differences in length frequency distributions of male blue cod were observed 
between outer and extreme outer strata of Queen Charlotte Sound. However, there was no 
gradient consistent with fishing pressure as blue cod had similar lengths in the Inner and 
Extreme Outer Queen Charlotte Sound strata. Sex ratios however, follow a remarkably 
consistent trend of higher relative numbers of males in the extreme outer areas of both Pelorus 
and Queen Charlotte Sounds (Figures 3.2 & 3.3). As recreational fishing pressure would be 
expected to mainly effect the larger males (see Chapter 2) and thus reduce their numbers, this 
result may be an indication of lower fishing pressure in the extreme outer areas (Buxton, 
1993). However, more information on the amount of recreational fishing in these areas is 
required. 
3.4.2 Growth 
Growth of blue cod is a complex issue. Growth differs within geographical areas and patterns of 
growth among geographical areas are not the same for both sexes. Females showed no 
detectable differences in growth among areas and strata within either Pelorus or Queen 
Charlotte Sounds. In contrast, the growth of males differed both statistically and biologically 
among strata within both Sounds, and may differ among areas within the outer and extreme 
and outer Pelorus Sound strata. A gradient was also apparent, with male blue cod growing 
fastest in the extreme outer strata in both Sounds. 
Comparisons of male blue cod between equivalent strata convincingly showed faster growth in 
the extreme outer Queen Charlotte Sound than in Pelorus Sound. While female growth differed 
between equivalent outer and extreme outer strata, the poor fit of the model and the similarity of 
growth curves implies these differences were not biologically convincing for females. 
60 
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Comparisons between years also showed no convincing evidence of growth differences for 
either males or females, suggesting some temporal stability. 
Higher fishing mortality in the inner Marlborough Sounds could selectively remove faster 
growing fish. Consequently, fishing pressure could depress the growth rate in the inner strata 
(Buxton, 1993). This is consistent with the observations that males grew significantly faster in 
the extreme outer strata of both sounds. However, length frequency distributions of blue cod 
in Queen Charlotte Sound showed no statistically significant difference between the inner 
(IQCH95) and extreme outer (EQCH95) strata (K-S test, P>0.05), while an equivalent pair-
wise comparison of male growth showed significantly faster growth in the extreme outer strata 
Cl= 12.12 (3), p=0.007). Examples such as this suggest that the differences in blue cod growth 
demonstrated in this study are not simply an artefact of fishing pressure. While it is possible 
that fishing pressure may be responsible for some of the differences in growth observed 
between the outer and extreme outer areas of the Marlborough Sounds, differences in growth 
may also be attributed to differences in condition brought about by variations in the quality of 
habitat and/or food source (Holbrook et al., 1990). 
The results of this study also suggest that females may be less likely to show significant 
changes in growth between samples because they have a slower growth rate to begin with (see 
Chapter 2). This is perhaps the result of females investing more energy into reproduction than 
males, with the gonadosomatic index of females 2.4 times larger than that of males during the 
spawning season (see Chapter 6). 
Blue cod are protogynous hermaphrodites, with a change in sex synonymous with an increase 
in growth (see Chapter 6). Though it could not be shown in the current study, it seems 
possible that larger lengths at age of male blue cod in the extreme outer strata of both sounds 
are the results of an earlier onset of sex inversion in those areas. Changing sex at a smaller 
size could be an adaptive mechanism for larger females to take advantage of certain 
conditions and maximize their reproductive output by changing sex to fertilize several 
females. There is some evidence of this when comparing the relative mean size of females 
compared to males in Queen Charlotte Sound (IQCH96-96.9%, OQCH96-93.9%, and 
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MPEL96-83 .1 %, OPEL96-9 l.1 %, and DUR96-87 .1 % ) females may be changing sex at a 
smaller size in the extreme outer areas. 
The current chapter sought to determine the degree of spatial variability in growth rates of blue 
cod in the Marlborough Sounds, and to estimate growth rate over spatial areas most appropriate 
for stock assessment. Tagging studies of blue cod have concluded that the Marlborough Sounds 
supports a separate stock and that interactions among the strata of the current study are likely to 
be less than 4% over 2.25 years (Mace & Johnston, 1983). Given that the current study also 
concluded that blue cod growth differs among these strata, it is further concluded that stock 
assessment and management of this species should be done at a smaller spatial scale than is 
currently in use (see Chapter 1). However, the simple option of managing the extreme outer 
sounds separately from the other strata is not supported by this study as the two extreme outer 
strata demonstrated biologically significant differences in growth. 
62 
Chapter Three Spatial comparisons of age & growth Page 63 
3.5 Tables and Figures 
TABLE 3.1. Growth models (von Bertalanffy) and likelihood comp an sons for male blue cod. 
Parameter estimates, 95% confidence intervals (Cl), likelihood ratio test results, sample sizes (n), and 
length range (Min, Max) are shown. The symbol * indicates the model was unable to fit data. 
Likelihood ratio tests 
L~ 95% Cl K 95% Cl lo 95% Cl xz d.f. p n Min Max 
EOPE95 42.34 37.73-93.53 0.16 0.03-0.29 -1.87 -8.63-0.40 28.05 6 <0.001 102 23 41 
Forsyth Island (A) 41.67 35.41-122.63 0.24 0.02-0.74 -0.07 -8.33-2.56 28 23 40 
Chetwode Island (B) 42.99 32.32-93.80 0.13 0.03-0.82 -2.94 -10.15-2.46 49 23 37 
Clay Point (C) 44.53 38.67-145.64 0.15 0.02-0.34 -0.52 -5.01-2.55 25 24 41 
Harris Bay (D) 20 23 40 
EOPE96 39.30 36.52-48.55 0.28 0.12-0.43 0.46 -2.45-1.63 13.06 3 0.004 157 20 41 
Forsyth Island (A) 38.38 35.63-55. 76 0.29 0.07-0.51 0.11 -5.46-1.71 95 24 41 
Chetwode Island (B) 42.49 35.98-125.75 0.25 0.03-0.54 1.05 -2.60-2.46 62 21 40 
Clay Point (C) 15 20 38 
Harris Bay (D) 6 20 38 
,,, Forsyth Island (A) 38.39 35.48-53.48 0.30 0.08-0.50 0.17 -4.76-1.72 6.44 3 0.092 93 24 41 
Site 1 40.57 31.56-97.73 0.19 0.03-1.15 -1.77 -9.01-2.63 61 24 38 
Site 2 2 31 33 
Site 3 36.23 34. 16-39. 59 0.81 0.30-3.60 3.36 0.78-4.61 32 25 41 
OPEL95 34.30 33.02-35.89 0.46 0.29-0.69 1.14 -0.51-2.12 6.56 3 0.087 74 20 39 
The Reef (A) 32 25 38 
Boat Rock Point (B) 37.58 32.48-106.74 0.29 0.04-0.65 0.41 -2.39-1.71 34 20 39 
Duffers Reef (D) 34.77 32.45-51.34 0.27 0.03-6.40 -2.72 -28.13-4.66 40 25 36 
·" Bulwer (E) 4 20 24 
Camp Bay (F) 0 
OPEL96 34.89 33.09-37.43 0.36 0.25-0.53 0.84 -0.30-1.79 13.01 6 0.043 89 18 39 
:, The Reef (A) 26 22 39 
Boat Rock Point (B) 33.22 31.43-52.17 0.43 0.05-1.07 0.80 -12.92-3.34 24 25 34 
Katira Point (C) 7 19 26 
Duffers Reef (D) 38.18 33. 72-69.97 0.19 0.05-0.47 -0.75 -5.56-2.36 27 21 36 
Bulwer (E) 0 
Camp Bay (F) 4 31 37 
Te Akaroa (G) 35.05 32.53-42.92 0.43 0.15-0.84 1.37 -2.08-2.76 38 18 36 
EQCH95 
Stella Roch (A) 34 29 47 
The Twins (B) 11 26 38 
> Cape Jackson (C) 49.10 43.10-72.78 0.15 0.06-0.23 -0.77 -3.01-0.40 63 20 42 
Alligator Head (D) 17 24 40 
OQCH95 32.44 30. 7 4-40.90 0.66 0.09-1.88 1.41 -8.07-3.00 2.75 3 0.432 73 21 40 
Tory Channel (A) 30.94 29.48-35.21 1.74 0.25-8.01 2.94 -3.85-3.81 43 25 36 
Hawes Rock (B) 22 27 37 
Resolution Bay (C) 34.48 31.23-83.42 0.36 0.03-1.05 0.10 -12.30-2.06 30 21 40 
Pickersgill Island (D) 5 25 36 
Arapara Island (E) 0 
·, 
Queen Charlotte Sound 1995 62.96 39.99-155.61 0.06 0.01-0.22 -5.38 -10.01--0.72 23.29 6 <0.001 275 20 47 
EQCH95 50.16 40.84-67 .85 0.12 0.06-0.25 -1.92 -4.53-0.21 125 20 47 
OQCH95 33.65 30.79-68.79 0.43 0.03-1.52 0.97 -12.35-2.79 100 21 40 
IQCH95 41.35 30. 70-88.04 0.13 0.02-6.52 -5.20 -13.33-3.71 50 24 40 
Pelorus Sound 1995 37.78 36.06-41.25 0.27 0.17-0.35 -0.01 -1.73-0.69 6.83 3 0.077 232 20 41 
EOPE95 42.81 38.53-90.59 0.16 0.03-0.27 -1.56 -7.47-0.39 122 23 41 
OPEL95 34.97 33.71-36.91 0.41 0.29-0.53 0.89 0.11-1.34 110 20 39 
Pelorus Sound 1996 38.21 36.68-40.45 0.27 0.21-0.33 0.18 -0.529-0.76 17.11 3 <0.001 304 18 41 
~ EOPE96 41.88 38.21-51.09 0.22 0.12-0.33 -0.02 -1.65-1.05 178 20 41 
OPEL96 37.57 35.67-40.81 0.25 0.17-0.32 -0.23 -1.42-0.56 125 18 39 
-" 
Outer Pelorus Sound 36.24 35.018-37 .86 0.31 0.24-0.38 0.31 -0.39-0.80 7.19 3 0.066 236 18 39 
OPEL95 34.97 33.71-36.91 0.41 0.29-0.53 0.89 0.11-1.34 110 20 39 
OPEL96 37.57 35.67-40.81 0.25 0.17-0.32 -0.23 -1.42-0.56 125 18 39 
\ Extreme Outer Pelorus 40.84 38.43-45.72 0.22 0.14-0.29 -0.29 -1.67-0.66 5.79 3 0.122 300 20 41 
EOPE95 42.81 38.53-90.59 0.16 0.03-0.27 -1.56 -7.47-0.39 122 23 41 
EOPE96 41.88 38.21-51.09 0.22 0.12-0.33 -0.02 -1.65-1.05 178 20 41 
0 uter Strata 34.33 33.04-36.36 0.43 0.29-0.57 0.75 -0.67-1.30 3.10 3 0.376 210 20 40 
OPEL95 34.97 33.71-36.91 0.41 0.29-0.53 0.89 0.11-1.34 110 20 39 
OQCH95 33.65 30.79-68.79 0.43 0.03-1.52 0.97 -12.35-2.79 100 21 40 
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TABLE 3.2. Growth models (von Bertalanffy) and likelihood comparisons for female blue cod. 
Parameter estimates, 95% confidence intervals (Cl), likelihood ration test results, sample sizes (n), 
and length range (Min, Max) are shown. The symbol * indicates the model was unable to fit data. 
Likelihood ratio tests 
Loo 95% Cl K 95% Cl to 95% Cl x2 d.f. p n Min Max 
EOPE95 
Forsyth Island (A) 3 25 30 
Chetwode Island (B) 9 22 29 
Clay Point (C) 28.76 28.08-31.64 1.12 0.14-6.27 3.01 -6.33-4.70 19 25 32 
Harris Bay (D) 7 23 37 
EOPE96 34.37 28.76-79.64 0.15 0.02-0.49 -3.45 -13.21-0.87 4.14 3 0.247 75 20 32 
Forsyth Island (A) 45.51 28.37-88.39 0.05 0.01-0.66 -12.97 -21.13-1.05 26 23 32 
Chetwode Island (B) 15 22 29 
Clay Point (C) 37.89 28.80-89.11 0.12 0.02-0.52 -3.52 -9.72-1.60 49 20 31 
Harris Bay (D) 10 20 31 
i 
.., 
OPEL95 31.52 28. 73-51.20 0.28 0.07-0.56 -0.86 -7.24-1.26 5.37 3 0.146 71 18 32 
The Reef (A) 30.82 28.39-43.84 0.38 0.10-1.74 -0.06 -4.50-3.26 35 20 32 ,. 
Boat Rock Point (B) 36.71 27.46-98.39 0.14 0.02-0.65 -3.30 -10. 73-1.44 36 18 32 
Katira Point (C) 15 24 31 
)' Duffers Reef (D) 9 20 28 
7 OPEL96 
The Reef (A) 18 17 36 
Boat Rock Point (B) 31.02 29.23-34.09 0.48 0.14-1.05 1.65 -3.51-3.31 24 20 33 
Katira Point (C) 7 24 32 
.'>-. Duffers Reef (D) 31 21 39 
Bulwer (E) 2 22 23 
Camp Bay (F) 3 28 31 
Te Akaroa (G) 5 21 40 
,. 
EQCH95 
Stella Roch (A) 2 30 30 
The Twins (B) 2 22 27 
Cape Jackson (C) 34.09 30.01-87.85 0.36 0.05-1.49 0.73 -2.05-3.17 19 20 33 
Alligator Head (D) 17 23 30 
/,. OQCH95 31.83 30.84-33.68 0.37 0.22-0.63 -0.28 -2.57-1.5 1.47 3 0.690 82 21 36 
Tory Channel (A) 13 22 30 
Hawes Rock (B) 31.55 30.48-53.88 0.40 0.02-1.01 -0.26 -33.36-2.46 44 24 36 
Resolution Bay (C) 32.59 29.99-40.55 0.30 0.09-0.65 -0.85 -6.14-1.57 38 21 36 
Pickersgill Island (D) 14 23 36 
Arapara Island (E) 1 32 32 
Queen Charlotte Sound 32.18 31.17-33.88 0.31 0.20-0.43 -0.73 -2.56-0.45 0.63 3 0.891 150 20 36 
EQCH95 30.82 28.81-36.88 0.45 0.18-0.95 0.33 -2.02-1.90 40 20 33 
OQCH95 32.40 31.20-34.64 0.29 0.17-0.45 -1.12 -4.01-0.73 110 21 36 
IQCH95 32 26 37 
Pelorus Sound 1995 30.89 29.14-38.36 0.34 0.13-0.54 -0.15 -3.23-1.03 2.51 3 0.473 140 18 37 
:, EOPE95 50.48 28.39-138.78 0.06 0.01-0.88 -6.18 -10.37-2.39 38 22 37 
OPEL95 30.12 28. 75-32.62 0.39 0.24-0.59 0.14 -1.50-1.11 102 18 32 
" Pelorus Sound 1996 33.22 30.90-39.46 0.20 0.11-0.28 -2.02 -4.29--0.83 3.56 3 0.314 190 17 40 
EOPE96 33.89 28.47-73.30 0.16 0.03-0.43 -3.51 -11.08--0.11 100 20 32 
OPEL96 32.87 30.78-37.78 0.23 0.13-0.35 -1.27 -3.12-0.18 90 17 40 
' r, 
I Outer Pelorus Sound 32.19 30.56-34.97 0.26 0.18-0.36 -0.97 -2.21-0.04 2.71 3 0.439 192 17 40 
OPEL95 30.12 28.75-32.62 0.39 0.24-0.59 0.14 -1.50-1.11 102 18 32 
( OPEL96 33.89 28.47-73.30 0.16 0.03-0.43 -3.51 -11.08--0.11 90 17 40 
", Extreme Outer Pelorus 39.72 29.78-106.65 0.10 0.02-0.34 -5.09 -11.35--0.41 4.25 3 0.236 138 20 37 
EOPE95 50.48 28.39-138.78 0.06 0.01-0.88 -6.18 -10.37-2.39 38 22 37 
" EOPE96 33.89 28.47-73.30 0.16 0.03-0.43 -3.51 -11.08--0.11 100 20 32 
0 uter Strata 31.79 30.61-33.35 0.31 0.22-0.43 -0.51 -1.87-0.54 14.14 3 0.003 212 18 36 
OPEL95 30.12 28. 75-32.62 0.39 0.24-0.59 0.14 -1.50-1.11 102 18 32 
" 
OQCH95 32.40 31.20-34.64 0.29 0.17-0.45 -1.12 -4.01-0.73 110 21 36 
Extreme Outer Strata 31.71 28.77-96.37 0.31 0.02-0.73 -0.74 -11.46-1.44 10.61 3 0.014 247 20 37 
EOPE95 50.48 28.39-138.78 0.06 0.01-0.88 -6.18 -10.37-2.39 38 22 37 
EQCH95 30.82 28.81-36.88 0.45 0.18-0.95 0.33 -2.02-1.90 40 20 33 
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TABLE 3.3. Summery of likelihood comparisons of von Bertalanffy growth curves described in tables 
3.1 and 3.2. Significance is given at three levels,*= 10%, 
** = 5%, *** = 1 %, and NS is not significant. 
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FIGURE 3.1. Marlborough Sounds survey area, showing strata. Pelorus Sound: DURV (D'Urville 
Island), EOPE (Extreme Outer Pelorus Sound), OPEL (Outer Pelorus Sound), MPEL (Mid Pelorus 
Sound), IPEL (Inner Pelorus Sound). Queen Charlotte Sound: EQCH (Extreme Outer Queen Charlotte 
Sound), OQCH (Outer Queen Charlotte Sound), and IQCH (Inner Queen Charlotte Sound). 
N 
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FIGURE 3.2. Length frequency distribution of male and female blue cod by stratum in 1995. Numbers 
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FIGURE 3.2. Continued. 
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FIGURE 3.3. Length frequency distribution of male and female blue cod by stratum in 1996. Numbers 
indicate sample sizes of males (M) and females (F). Strata are shown in Figure 3 .1. 
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FIGURE 3.3. Continued. 
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FIGURE 3.4. Von Bertalanffy growth models fitted to male blue cod from sites within the Forsyth 
Island area of the Extreme Outer Pelorus Sound in 1996, and of areas of Outer Queen Charlotte Sound 
in 1995. P-values of likelihood comparisons of growth models are shown in brackets, for a full 
description see Table 3 .1. Strata are shown in Figure 3 .1. 
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FIGURE 3.5. Von Bertalanffy growth models fitted to male blue cod from areas within strata of 
Pelorus Sound in 1995 and 1996. P-values of likelihood comparisons of growth models are shown in 
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FIGURE 3.6. Von Bertalanffy growth models fitted to female blue cod from areas within strata of 
Queen Charlotte (1995) and Pelorus Sounds (1995 and 1996). P-values of likelihood comparisons of 
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,- FIGURE 3.6. Continued. 
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FIGURE 3. 7. Von Bertalanffy growth models fitted to both male and female blue cod from strata of 
Queen Charlotte (1995) and Pelorus Sounds (1995 and 1996). P-values of likelihood comparisons of 
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FIGURE 3.8. Von Bertalanffy growth models fitted to both male and female blue cod from equivalent 
regions of Queen Charlotte and Pelorus Sounds sampled in 1995 . P-values of likelihood comparisons 
of growth models are shown in brackets, for a full description see Tables 3.1 and 3.2. Strata are shown 
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3.6 Appendices 
APPENDIX 3 .1. Descriptions of stratum boundaries. 
Each major sound was divided into sampling strata based on the distance from the head of the 
sound, and on major topographical features. Greater Queen Charlotte Sound was divided into 
three strata, the hmer, Outer, and Extreme Outer sounds (Figure 3.1). The hmer Queen 
Charlotte (IQCH) stratum extended north-west from a line between Phial Point, Allports 
Island and The Snout, including the Bay of Many Coves. It was bounded in the northeast by a 
line from Hawes Rock to Dieffenbach Point. The area inland from Allports Island was not 
surveyed. The Outer Queen Charlotte (OQCH) stratum extended north-east to a line between 
Ship Cove, Long Island and Cooper Point on Arapawa Island, and included Tory Channel. 
The Extreme Outer Queen Charlotte stratum included the exposed coastline of the 
Marlborough Sounds from Cape Jackson to Alligator Head. 
Greater Pelorus Sound was divided into five strata, the hmer, Mid, Outer, Extreme Outer and 
D'Urville Island (Figure 3.1). The hmer Pelorus (IPEL) stratum extended north along 
Popoure Reach from a line between Dillon Bell Point and Yncya Bay, to a line between 
Tawero Point and Whakamawahi Point. The mid Pelorus (MPEL) stratum extended north to a 
line between Tapapa Point and Maud Island including Tawhitinui Reach. The Outer Pelorus 
(OPEL) stratum extended northeast along Waitata Reach to a line between East Entry and 
West Entry Points. The Extreme Outer Pelorus (EOPE) stratum included the exposed 
coastline of the Marlborough Sounds from Guards Bay to Clay Point, including the Chetwode 
Islands (Figure 3.1 ). The D'Urville stratum included the waters of Admiralty Bay and the 
western side ofD'Urville Island to Cape Stephens including the Trio and Rangitoto Islands. 
80 
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A great deal of uncertainty surrounds the movements of blue cod, and it has not yet been 
established if populations can be regarded single stocks within some of the present fish stock 
areas (Warren et al., 1997). This raises concerns about the current scale at which blue cod are 
managed (Figure 1.1) and the potential for local stock depletion in areas of high fishing pressure 
(Warren et al., 1997). 
There have been two previous blue cod tagging programmes, both within the Marlborough 
Sounds (Mace & Johnston, 1983; Rapson, 1956). For a full review of these studies see Section 5.1, 
however, the following is a brief summery of past blue cod tagging methods. 
Previous studies gave few clear results as return rates were low (<3.8%), and no information on 
the level or distribution of fishing effort was recorded. External button and anchor tags were 
anchored into dorsal muscle tissue. However, double tagging indicated tag losses as high as 43% 
(Mace & Johnston, 1983), much of this attributed to other blue cod biting off tags (Rapson, 1956). 
The first major blue cod tagging programme involved button-tagging 5050 fish in the inner and 
outer Marlborough Sounds during 1940 - 41 (Rapson, 1956). Only 194 (3.8%) of these fish were 
recaptured. This recapture rate was too small to enable any firm conclusions to be made, although 
91 % of recaptured fish had moved less than 1.5 km, and the greatest distance travelled was 48 
km. The second tagging programme was done during the early 1970s, when another 2430 blue 
cod were anchor tagged at 110 stations in the Marlborough Sounds (Mace & Johnston, 1983). Tag 
loss was high and only 84 fish (3.5%) were recovered. Again, no conclusive results about blue 
cod movement were obtained, although 72% of fish had moved less than 1.5 km, and the 
maximum distance travelled was 42 km. 
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In a study, a tag can be anything external or internal that can be used for recognition purposes. 
Some tags carry information such as a series of numbers or letters, a bar code, or even an 
electronic signal. This identifies a particular fish so that information recorded when it was 
tagged can be com.pared to information taken when it is recaptured. The comparison of such 
data can give important information on things such as condition, growth, movement, etc. 
Historically, most tags have been external and have included dart, loop, hook and anchor tags. 
Some tags, such as button tags, are surgically inserted, but these have always been large and 
had some external part. Internationally, such tags have been used in numerous studies, and in 
New Zealand these types of tags have been used on Chrysophrys auratus (loop tags - Crossland, 
1980, 1982), Polyprion oxygeneios (loop tags - Beentjes & Francis, 1999), Galeorhinus galeus 
(dart, loop & internal tags - Hurst et al., 1999), Mustelus lenticulatus (loop tags - Francis, 1988), 
as well as blue cod (button & anchor tags - Rapson, 1956; Mace & Johnston, 1983). 
Although relatively inexpensive and easy to apply, external tags can be prone to tag loss, infection and 
fowling. Consequently, they may have a negative effect on fish condition and introduce a bias to the 
results of a tagging programme (Francis, 1988). To overcome these problems, small internal tags 
such as binary-coded wire tags (CW tags) and visual implant tags (VI tags, Figure 4.1) have been 
developed. 
The tiny CW tags (2-3 mm) are injected into fish and cannot be seen externally (Isaksson, 1979; 
Heidinger, 1988; Bergman et al., 1992). They are detected by means of a electronic scanning wand, 
then dissected from the carcass so that the binary code can be read under a dissecting microscope 
(Unwin et al., 1987). However, in order to determine an individual identification of each fish, a 
reference tag must be taken between each tag used. These tags are moderately expensive and the 
scanning of catch and reading tags can be very labour intensive (McKenzie & Davies, 1996). 
Passive integrated transponder (PIT) tags are an alternative to CW tags. Each PIT tag is 
programmed in the factory with one of about 34 x 109 unique code combinations. An electronic 
scanning device detects radio frequency broadcasts coming from the tag and decodes its number. 
The tag receives the energy it needs for radio frequency broadcast from the electrical field 
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The use of PIT tags for fisheries research purposes dates from the late 1980s when the technology 
was first evaluated for salmonid research (Prentice & Flagg, 1990). Since that time, the 
technology has been successfully integrated into the research of many west coast North American 
salmonid stocks, where it is used to track fish migrations and provide estimates of exploitation 
and growth (Buettner & Nelson, 1990; Mccutcheon et al., 1994; Achord et al., 1996; Newman, 
1997). PIT tags have also been successfully used in other fisheries arenas and the technology 
seems to be steadily gaining acceptance as a useful ecological research tool (Faengstam, 1993; 
Hagen, 1996; Kalvass et al., 1998; Braennaes, 1998; Wright et al., 1998). However, PIT tags are 
currently too expensive to be considered as a possible tag option for the current study of blue cod 
movement patterns. None the less, with increasing technology and falling prices they may become 
a future option . 
VI tags are injected under a transparent membrane ( e.g., post ocular tissue or between fin rays, 
Figure 4.2) and information contained on the tag is read directly through the membrane (Bergman 
et al., 1992; Bryan & Ney, 1994; Mourning et al., 1994; Morgan & Paveley, 1996). Consequently, 
unlike CW and PIT tags, VI tags do not require specialised scanning of catch, but they are very 
small ( <7 mm) and may be cryptic. While they are also relatively inexpensive, tagging can be 
labour intensive as fish usually require anathematising. 
Other "tags" can simply be a mark. These usually give no information about the individual fish, 
but mark it as one of a batch of tagged animals. Such markers include the relatively new visible 
fluorescent elastomer (liquid plastic) tag (VF tags, Figure 4.3). Like the VI tags, VF tags are 
injected under a transparent membrane (e.g., post ocular tissue or between fin rays) where they 
harden to give a bright fluorescent mark visible through these membranes (Morgan & Paveley, 
1996). However, like VI tags, tagging can be labour intensive, as fish usually require 
anathematising. 
Previous methods used to mark fish have included dye inoculation by injecting dye under the skin 
(tattooing) (Starkie, 1975), or freeze branding with liquid nitrogen (Cane, 1981). Fin clipping can 
also be an effective mark, but like branding it can grow out quite quickly (Cane, 1981; McFarlane, 
1990). Batch marking is often used when information specific to individual fish is not required. 
However, marking is also commonly used in conjunction with very small, information carrying 
83 
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tags to identify tagged fish. For example, CW tagged Oncorhynchus tshawytscha have the 
adipose fin removed to identify them to anglers for returns (Unwin et al., 1987, 1989). 
The recent development of new types of tags and marks may have the potential to overcome 
previous problems of tag loss from blue cod, and thus allow better descriptions of large scale 
stock movements than are currently available (i.e., Rapson, 1956; Mace & Johnston, 1983). To 
date all tags used on blue cod have been placed externally. 
As reported in Chapter two, 727 blue cod were released along the north-east coast of Stewart 
Island as part of an oxytetracycline age validation study (Section 2.2.4). This provided some 
opportunity in Chapter four to compare tag retention and return rates between conventional 
external tags and some of the new internal tags and marks. These results will then be used to 
help design a full-scale blue cod tagging programme to specifically quantify stock movement 
and interaction patterns to further determine if stocks are being managed at an appropriate 
spatial scale (Chapter 5). 
4.2 Methods 
4.2.1 Tag site selection 
In a lab based pilot study, three possible sites for VI tags were tested prior to the field release 
phase. The only transparent tissue suitable for VI tagging blue cod was found between fin rays in 
the dorsal, pectoral (Figure 4.2), and pelvic fins. The only site, which feasibly allowed VF 
tagging, was between the fin rays of the pectoral fin (Figure 4.3). 
Blue cod were anaesthetised with quinaldine, VI tagged in each of the three sites outlined above, 
and VF tagged in the pectoral fin. Fish were then housed in an aquarium. As VI tags come in both 
small (2. 8 x 1.4 mm) and large ( 4 x 2 mm) sizes (Figure 4.1 ), the experiment was replicated so 
that five fish were tagged with each size VI tags. Tags were then checked for presence/absence 
and readability after two weeks and again after one month. 
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Possible sites for CW tags, tattoo marking, and external t-tags were examined. Each of the ten 
fish held in the aquarium was also tagged with one of each of these tags. CW tags were injected 
into cartilaginous tissue in the interorbital section of the snout; and blue tattoo marks were 
applied to the lightly coloured lower caudal peduncle (Figure 4.4). External tags previously used 
on blue cod have been anchored in dorsal muscle tissue, but with only limited success (Rapson, 
1956; Mace & Johnston, 1983). However, in the current study t-tags were trialled in a new ventral 
site at the base of the pelvic fin. Yellow, 15 mm Hallprint type TBA-2 t-bar anchor fish tags were 
inserted ventrally through the postcleithrum at the base of the pelvic fin (Figure 4.5). 
4.2.2 Field tag and release phase 
A total of 727 blue cod were anaesthetised with quinaldine and tagged with a combination of tag 
types so that the total number of each type used was as follows: large VI tags (447), VF tags 
(400), CW tags (727), t-tags (572), and tattoo marks (432). The total length of each fish was 
measured to the nearest 5 mm below actual length. Tagged blue cod ranged in size from 190 to 
510 mm TL (mean 330 ± 2.2 mm). 
Ten unbalanced tag combination groups were used (Table 4.1). Tag combination groups were not 
equally balanced over release sites due to tag availability, equipment failure and time constraints 
(Table 4.1). Fish were released at sixteen sites around the north-eastern coastline of Stewart 
Island. 276 blue cod were released at five sites on commercial grounds in Foveaux Strait near 
Half Moon Bay between 18-24 January 1995. Another 451 were then released at eleven sites in 
Paterson Inlet (recreational fishing only) between 19-26 May 1995 (Figure 4.13). 
Previous blue cod tagging programmes found that initial mortality did not occur (Mace & 
Johnston, 1983), mortality from the current methods of capture and handling were also negligible 
(Carbines, 1999a - Appendix 7.2). However, using 50 mg OTC/kg resulted in an estimated 20% 
mortality among field released blue cod (see Section 2.4.3). Consequently, estimates of return 
rates in this experiment were expected to be conservative by about 20%. 
The experiment was widely publicised in fishing association newsletters (Carbines, 1994a), 
magazine articles (Carbines, 1994b, 1995a), local newspapers (Nixon, 1995; Rydholm-Squires, 
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were also placed at local notice boards and major fishing access points around both Stewart Island 
and Bluff. Over the next two years, fish were voluntarily returned (without reward) by fishers. 
Tagged blue cod caught by amateur and commercial fishers were requested to be returned whole 
for tag observations, measurement and weighing. Department of Conservation (DoC) staff also 
conducted catch sampling every six months in Paterson Inlet and scanned their entire catch for 
CW tags. 
4.3. Results 
4.3.1 Tag site selection 
In aquarium trials, the pectoral and dorsal fins proved to be the best sites for the retention of small 
VI tags, with 80% of tags remaining after one month at the conclusion of the experiment (Figure 
4.6). This was considerably better than the 40% retention of VI tags between the fin rays of the 
pelvic fins. By comparison, VF tags had 100% retention at the end of the experiment, confirming 
the pectoral fin as an effective site for these tags. The readability of small VI tags and VF tags 
was 100% for the pectoral fin only, and this was notably better than small VI tags in the two other 
sites (Figure 4.7). 
Retention of large VI tags (80%) in the pelvic fin was better than small VI tags (Figure 4.8). 
Retention was again 100% in the pectoral fin for VF tags. Readability of large VI tags was also 
100% in the pectoral fin, and the dorsal fin (Figure 4.9). The decline and subsequent 
improvement in the readability for VI tags in the dorsal fin was due to clouding of the membrane, 
which had cleared by the end of the experiment. VF tags were again 100% readable in the 
pectoral fin site (Figure 4.9). 
All tags tried at only one site (VF tags, t-tags, tattoo and CW tags) were present and readable at 
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4.3.2 Field tag and release phase 
From 727 multiple-tagged blue cod, 48 (6.6%) were returned over a two-year period. However, 
17 "returns" were reported only (not examined), and 10 had no individual identification tags (i.e., 
t-tags or VI tags) to track them back to a tag combination group or release site. Assessing the 
performance of each tag type was therefore based on both absolute tag type recoveries, and 
recoveries of tag groups. 
Most tagged fish were in tag groups two and ten (Table 4.1 ). Only four group two fish (CW tag + 
t-tag) and 17 group ten fish (CW tag + t-tag + VI tag + VF tag + dye) were recovered (Table 4.2). 
Other than CW tags, the common tag between these two groups was the t-tag. Unfortunately, fish 
from groups two and ten were recovered from different sites, so that any observed differences in 
the return rates of tag groups were subject to bias from possible uneven distribution of fishing 
effort. Tag group ten accounted for 43% of all releases and contained all possible tag types, and 
86% were released in Foveaux Strait (Table 4.1 ). The overall return rate for tag group ten was 
5.4%, this varied from 5.3% in Foveaux Strait to 6.8% in Paterson Inlet (Table 4.2). All of tag 
group two, which accounted for 35% of releases, were released in seven sites in Paterson Inlet 
(Table 4.1). Overall the return rate for this group was much lower (1.6%), and fish were 
recovered from only two release sites, which had 2.6% and 7.1 % returns (Table 4.2). This was 
most likely the result of an uneven distribution in fishing effort. 
Coded wire tags (CW tags): Thirty blue cod were returned from all tag groups combined, and had 
CW tags present (Figure 4.10). This provided the opportunity to effectively estimate tag retention 
for all other tag types, as all fish were CW tagged. However, CW tags are microscopic internal 
tags that are detectable only by using a specialized scanning wand which was used only during 
recoveries attempted by DoC in Paterson Inlet. Most CW tag returns were therefore mainly on 
accompanying t-tags present in both tag combination groups two and ten. 
CW tags were comparatively expensive in both equipment and time, and equipment suffered 
technical difficulties at sea. The tags require surgical removal and microscopic reading, and 
without considerable extra effort, these tags give a batch number only. However, the major 
disadvantage of the CW tags was that inspection of a considerable proportion of the catch was 
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are processed at sea. Each fisher would have to be provided with detection equipment and an 
incentive to use them. 
Visual implant tags (VI tags): In the field release phase, most VI tags were retained for less than a 
few months. After two years, an estimated 7.0% of VI tags remained (Figure 4.10). Although the 
VI tags give each fish an individual number, they were difficult to insert and required anesthesia. 
VI tags were also very difficult for fishers to detect, and had an estimated return rate of only 0.5% 
(Figure 4.11 ). 
Visual fluorescent tags (VF tags): These tags showed 58% retention among fish recaptured in the 
field release phase (Figure 4.10). Though easily identified, the VF tag is a coloured marker that 
can give only batch marking of fish. It was also difficult to insert, requiring anesthesia. 
T-tags: Tag loss was estimated to be at least 12% through double tagging with coded wire tags 
(CW tags) (Figure 4.10). The t-tag was easy to detect, easy to insert without anesthesia, had little 
or no fouling, and give an individual number to each fish. Its return rate was 4. 7%. The incidence 
of recovery of other tags was improved by the presence oft-tags, as it was the only readable tag 
common to both tag combination groups two and ten. 
Tattoo Dye: Weighted retention in the field release was 100% (Figure 4.10), and although marks 
faded somewhat, they lasted the entire term of the experiment. However, they were often cryptic 
at recapture, and the return of these tags was usually associated with the presence of the much 
more obvious t-tags, although on occasions these marks were solely responsible for a few returns. 
Among returns, this tag was present in only tag combination group ten, which accounted for 
81.0% of all returns and therefore may have assisted in making tagged fish more obvious. Overall, 
there was a 3. 7% return rate (Figure 4.11 ). The tattoo was easy to insert but is only a marker that 
gives limited batch tagging. 
Determining the movement patterns of Southland blue cod was not an objective of this chapter, 
primarily due to the small number of fish tagged and the possible influence of OTC. However, 
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Of the 48 blue cod returned from 1995 to 1998, 26 had sufficient tag and return information to 
consider movement in some detail. While only 21 fish were examined and identified from 
recaptures, five unexamined fish also had sufficient data provided from t-tags to be included in 
movement analysis. Returned fish were at liberty for up to 1039 days and ranged in tagging size 
from 225 mm to 455 mm TL. The most striking result was the large distances between release 
and recapture for some blue cod, up to 96 km, over twice the maximum distances recorded by 
either Rapson (1956) or Mace and Johnston (1983) in the Marlborough Sounds. 
4.4 Conclusion 
The pectoral fin was the optimal tagging site for both small and large VI tags. 80% retention after 
one month was encouraging enough to use these tags in the field release phase. All other tags had 
a 100% retention and readability after one month in captivity; however, sample sizes were small. 
In Chapter five, I describe a full scale tagging programme to determine stock movements of 
Southland blue cod. Prior to this, it was necessary to determine the optimal tag for use in that 
programme. However, due to poor design of tag group releases, and the large differences in return 
rates of each tag group among sites and areas, it seems likely that variations in the distribution of 
fishing effort have confounded the results of this study. Consequently, this rather opportunistic 
section should be treated as a guide rather than a definitive result. 
In the current study of blue cod, CW tag retention was 100 %. However, this is consistent with a 
number of other studies investigating coded wire tag retention by teleosts, although virtually all 
have involved juvenile animals. These studies have shown tag retention probabilities typically 
range between 93-100% over 66-200 day observation periods (various salmonids: Jeffers; 
Bergman et al., 1992; Blankenship, 1990; juvenile Lates calcarifer: Russel & Hales, 1992; 
Micropterus salmoides: Fletcher, 1987). Most studies have found tag loss to be highest in the first 
30 days after application; in general, tag loss after 30 days was less than 1 %. In most studies, the 
tags were inserted into head musculature or cartilage, animals typically being less than 100 mm 
total length when tagged. However, CW tags have been reported to cause trauma or infection if 
incorrectly placed and may even migrate (Bergman et al., 1992; Morrison & Zajac, 1987). 
89 
" 
Chapter Four Tagging Trials Page 90 
While CW tags clearly had one of the best retention rates, they were ruled out for use in a full 
scale programme, because they required scanning the heads of blue cod, which are disposed of at 
sea, as the fish are mainly landed filleted. Tattoo dye also had a high retention rate, but they were 
ruled out as they faded and became somewhat cryptic. While they provide only a batch mark, it is 
possible that they assisted in bringing tagged fish to the attention of fishers. VI tags and VF tags 
had only low retention and required more effort in tagging. 
T-tags had the highest individual tag return rate and were important in facilitating the return of 
other tag types. T-tags inserted through the base of the pelvic fin were therefore concluded to 
offer the best option from the results of this study. Their 4.7% individual return rate and 3.6% tag 
group return rate in the feasibility trial was a slight improvement over previous studies at (3.5-
3.8%), although this may be due to higher exploitation rates in Southland. However, this estimate 
increases to 5.9% allowing for 20% mortality induced by OTC. T-tags also had several 
advantages: 
• T-tags are relatively cheap and easy to insert, without anaesthetizing fish. 
• There is likely to be low mortality as drugging fish is not required. 
• They are the most visible of the tags tested and had the highest recognition rate among 
commercial and recreational fishers. 
• Their retention rate is high (estimated to be 88% over two years). 
• They use low maintenance equipment that does not suffer frequent mechanical breakdown as 
experienced with other tags (i.e., CW tags, VI tags, VF tags) 
• Each tag has an individual number. 
• They don't require inspection of significant portions of the catch by specialized scanning. 
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While movement patterns cannot be determined from this small sample size, larger movements of 
blue cod in Southland were recorded than had been observed in the Marlborough Sounds 
(Carbines, 1998b). This may be related to fishing effort as little effort at greater distances will 
cause the median distance moved to be underestimated. Consequently, estimates of fishing effort 
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4.5 Tables and Figures 
TABLE 4.1. Tag group combinations by release sites used in the field release phase of the experiment. 
Tag groups are: 1 = CW tag, 2 = CW + t-tag, 3 = CW tag + VI tag, 4 = CW tag + t-tag + VI tag, 5 = 
CW tag + VI tag + VF tag, 6 = CW tag + t-tag + VI tag + VF tag, 7 = CW tag + t-tag + tattoo, 8 = CW 
tag + t-tag + VI tag + tattoo, 9 = CW tag + VI tag + VF tag + tattoo, 10 = CW tag + t-tag + VI tag + 
VF tag + tattoo. Release sites are listed in Figure 4.13, but are noted here as being from either 
Foveaux Strait (FS) or Paterson Inlet (Pl). 
Tag Group 





























TOTAL 20 257 13 3 
5 
1 







































3 31 83 315 727 
TABLE 4.2. Release and recapture numbers by site of the two tag combination groups from which there 
were recaptures. These were; group 2 = CW + t-tag, and group 10 = CW tag + t-tag + VI tag + VF tag 
+ tattoo. Release sites are listed in Figure 4.13, but are noted here as being from either Foveaux Strait 
(FS) or Paterson Inlet (Pl). A recapture of* indicates there were no releases of that tag group at that 
site. 
Released Recaptured Percent Returned by both 
Release Site Group 2 Group 10 Total Group 2 Group 10 Total Release Site Site/Group 
2 (FS) 0 55 55 * 4 4 7.3% 
3 (FS) 0 133 133 * 8 8 6.0% 
4 (FS) 0 65 65 * 1 1 1.5% FS/10 
5 (FS) 0 9 9 * 1 1 11.1% 5.3% 
6 (PI) 0 23 23 * 1 1 4.3% 
7 (PI) 0 10 10 * 1 1 10.0% 
8 (PI) 0 1 1 * 0 0 0.0% 
9 (PI) 0 8 8 * 1 1 12.5% PI/10 
10 (PI) 1 2 3 0 0 0 0.0% 6.8% 
11 (PI) 21 0 21 0 * 0 0.0% 
12 (PI) 10 0 10 0 * 0 0.0% 
13 (PI) 30 0 30 0 * 0 0.0% 
14 (PI) 115 0 115 3 * 3 2.6% 
15 (PI) 14 0 14 1 * 1 7.1% PI/2 
16 (PI) 66 0 66 0 * 0 0.0% 1.6% 
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Hecapture l)ays at 
Site Date Length Liberty 
(mm) 
Sandhill Pt 8/01/1995 ? 194 
Hapuka Rocks 27/3/96 450 433 
35km W Centre Is. 18/5/97 390 849 
3.5 km W Halfway Rocksl 1/03/19961 452 417 
Sandhill Pt 15/2/96 450 388 


























Length u1stance Minimum 
Increase Travelled speed 
(mm) (km) (m/day) 
? 96 495 
30 54 125 
50 85 100 
7 45 1oa·-
25 96 247 
15 54 251 
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Herekooare Is. 23/1/95 
Herekopare ls. 23/1/95 
Ackers Point 24/1/95 -
Paua Beach 19/5/95 
Pipi Rocks 23/5/95 
The Snuaaerv 25/5/95 
Iona Island 26/5/95 
Pipi Rocks 23/5/95 
Pioi Rocks 23/5/95 
Pipi Rocks 23/5/95 
The Snuaaerv 25/5/95 
East End Ulva Is. 25/5/95 
Wreck Point 21/5/95 
The Reserve 26/5/95 
Paua Beach 21/5/95 
Herekopare Is. 23/1/95 
Herekopare Is. 23/1/95 
Herekooare Is. 23/1/95 
The Fast 19/1/95 
The Fast 19/1/95 
Halfmoon Bay 19/1/95 
The Snuggery 25/5/95 
y • 'f ,. 
Recapture 
Length Site Date 
(mm) 
430 1.6km W Bench Is. 7/07/1995 
1/12/1995 -280 Prices Point 
340 1.1km N The Fats 7/07/1995 
265 Trumpter Pt. 5/01/1996 
385 Pipi Rocks 12/04/1995 
288 Papatiki Bay 28/12/95 
361 Harry West Point 16/4/97 
320 Pipi Rocks 29/5/97 
320 Pioi Rocks 29/5/97 
225 Pipi Rocks 29/5/97 
290 RoQers Bay 5/02/1996 -
357 East End Ulva Is. 5/03/1996 I 
305 Wreck Point 5/05/1996 
285 Hapuatuna Bay 8/03/1996 
315 Wreck Point 5/05/1996 
355 The Fast 13/3/96 
340 The Fast 13/3/96 
320 The Fast 13/3/96 
350 1 mi N The Fast 25/3/96 
420 ? 21/9/95 
365 ? 21/9/95 
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FIGURE 4.1. The two sizes of Visual Implant tags (VI tags) tested in the experiment. Note the 
alphanumeric coding system used. The coin in the photo is 75 mm in diameter. 
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FIGURE 4.3. Visual Fluorescent tags in the pectoral fin of a blue cod . 
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FIGURE 4.5. Yellow 15 mm Hallprint type TBA-2 t-bar anchor fish tag inserted ventrally through the 
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FIGURE 4.6. Retention of small visual implant tags (VIT) and visual fluorescent tags (VFT) in body 
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FIGURE 4.7. Readability of small visual implant tags and visual fluorescent tags in body sites of blue 
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FIGURE 4.8. Retention oflarge visual implant tags and visual fluorescent tags in body sites of blue cod 
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FIGURE 4.9. Readability oflarge visual implant tags and visual fluorescent tags in body sites of blue 
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FIGURE 4.10. Retention of tags in recaptured blue cod examined (n=30) fort-tags, visual implant tags 
(VIT), visual fluorescence tags (VIT), tattoo dye (Dye), and coded wire tags (CWT). Percent returns 




CJ 88 .s 
.r:: 
0 80 (ti 
Q) 
.s -~ 
(/) 58 C: 60 ... 
:i 
ai ... -0 







!-tag VIT VFT Dye CWT 
Tag Type 
FIGURE 4.11 . Individual tag return rates fort-tags, visual implant tags (VIT), visual fluorescence tags 
(VIT), and tattoo dye (Dye) after two years, expressed as the percentage of the total number of each tag 
recovered from the total numbers of that tag released. Coded wire tags are not included as not all 
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FIGURE 4.12. Release sites and movements of recaptured blue cod moving larger distances from two 
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FIGURE 4.13. Release sites and movements of recaptured blue cod moving shorter distances in 
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Chapter Five 
Movement patterns and stock mixing of blue cod in 
Southland 
5.1 Introduction 
Blue cod are distributed from the shore to the shelf edge of New Zealand's entire coastline, but 
are most abundant in Southland and the Chatham Islands. They are found on reef edges, 
shingle/gravel or sandy seabed, often close to rocky outcrops (Graham, 1952; Rapson, 1956; 
Mutch, 1983) primarily in coastal waters shallower than 200 rn (Anderson et al. 1998). Like many 
of New Zealand's reef fish, blue cod are not evenly distributed throughout their range of habitats, 
and several biological and physical factors appear to influence their distribution (Mutch, 1983; 
Jones, 1988). The response to these factors may also vary with age and may cause younger blue 
cod to have a more transient existence (Mace & Johnston, 1983; Mutch, 1983). 
In the Marlborough Sounds, adult blue cod have been shown to remain within relatively small 
areas (Rapson, 1956; Mace & Johnston, 1983; Mutch, 1983). However, it appears that Southland 
blue cod may range over considerably larger areas (see Chapter 4). There are also anecdotal 
observations that suggest blue cod off Dunedin (Figure 5.1) migrate offshore in late winter to 
spawn (Graham, 1939a; Robertson, 1973). However, there is no evidence of seasonal migration in 
the Marlborough Sounds (Figure 1.1) (Rapson, 1956; Mace & Johnston, 1983). 
Larval blue cod are thought to settle into offshore habitats and then move inshore upon reaching 
lengths of 180-200 mm (Rapson, 1956). However, scientific divers have observed juvenile blue 
cod shallower than 20 rn both in the Marlborough Sounds (R. Cole, NIWA, 2000 pers. corn.; pers. 
obs., 1997, 2000, 2003), Paterson Inlet (Stewart Island), and Foveaux Strait (pers obs., 1998, 
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Other members of the family Pinguipedidae have been shown to be territorial (Stroud, 1982; 
Sano, 1990, Clark et al., 1991; Kobayashi et al., 1993a; 1993b; Sano, 1993; Ohnishi et al., 1997), 
and blue cod in Northland have been observed to hold rather loose "territories" (c3'c3'~1000 m2, 
~ ~~250 m2; Mutch, 1983). Underwater observations of blue cod show that body size and 
"territory" size are positively correlated, and social groups of 3-5 females may exist within the 
home range a single dominant male (Mutch, 1983). Despite being predominantly sedentary, blue 
cod have also been observed to occasionally school. Some fishers have reported catches of single 
sexed groups of blue cod (Rapson, 1956; Warren et al., 1997), and scientific divers have observed 
mid-water aggregations (C. Duffy, DoC, 1995, pers. comm.; M. Francis, NIWA, 1998 pers. 
comm.). Analysis of gut contents suggests mixed sex schooling may be a feeding response (C. 
Duffy, DoC, 1995 pers. comm.) 
Blue cod are the target of significant commercial and recreational inshore fisheries in the South 
Island of New Zealand (Annala et al,. 2000). The commercial catch is managed under the Quota 
Management System (QMS) in eight Quota Management Areas (QMAs), with each QMA 
assigned its own annual Total Allowable Commercial Catch (TACC). The QMA with the largest 
blue cod TACC is BCO 5 in Southland (Figure 1.1). At 1536 tonnes, BCO 5 accounts for 58% of 
the national TACC. The BCO 5 TACC is also eleven times larger than Southland's recreational 
catch (139 tons) (Annala et al., 2000). Both recreational and commercial fisheries in Southland 
are constrained by a minimal legal size (MLS) of 330 mm total length (Annala et al., 2000). 
Within each QMA, there are several domestic fishing return areas (e.g. 7 for BCO 5, Figure 5.1). 
Fishers holding quota in a QMA can operate within any area of their QMA, and this may 
potentially lead to an uneven distribution of fishing effort. For example, in BCO 5 all significant 
ports are located within area 025 (Figure 5 .1 ), and a disproportionate amount of the annual BCO 
5 catch (52% on average) is taken from this one small area (Warren et al., 1997). Within this 
intensively fished area there has been a reduction of catch proportional to effort, indicating 
localised problems of stock depletion (Warren et al., 1997). 
For the purposes of management, it is assumed that fishing pressure is spatially proportional to 
abundance within each QMA. In reality, there may be several small discrete stocks within each 
QMA, and uneven fishing effort across the QMA may result in some of these stocks becoming 
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proportional to abundance within sub-areas of a QMA. In order to determine the appropriate 
spatial scale on which to manage blue cod within a QMA, it is necessary to gain information on 
mixing rates between adjacent QMAs and among QMA sub-areas. 
While tracking fish provides a total description of movements, it is still beyond current 
technology to track a significant number of benthic fish any great distance. Tagging data is 
therefore used instead, however this reveals only where tagged fish were released and recovered. 
Furthermore, most fisheries studies rely on commercial capture of tagged fish and multiple 
recaptures of individuals are unusual as fish are usually dead or dying prior to inspection. For a 
review of tagging methods see Section 4.1. 
The first major blue cod-tagging programme was undertaken in the Marlborough Sounds (Figure 
3.1) in 1940-41 (Rapson, 1956). Of the 5050 fish button tagged, 194 (3.8%) were recaptured 
within 13 months; 83 within 3 months (62 between 3 and 6 months, and 49 after 6 months). 
Eighteen (9.3%) of the recaptured fish had moved more than 1.6 km, and only six (3.1%) had 
moved more than 16 km. Of the 18 migrants, 16 were larger than 300 mm when tagged, 
suggesting that blue cod movement is size dependent. The largest movement recorded was 48 km, 
but as this was at the full range of fishing effort and the possibility that tagged fish moved further 
could not be excluded (Rapson, 1956). 
Rapson (1956) described these "migrants" as "solitary fish which for some reason have left the 
shoal and roved far afield". While Rapson (1956) also believed that occasional "shoals" of blue 
cod did migrate (based on a total absence ofretums from some areas), in most localities there was 
evidence that "shoals" remained stationary for many months. Rapson (1956) concluded that blue 
cod form temporally stable groups: " ... a few cod migrate, some small fish as rovers and the 
larger, when conditions are right, as travelling cod". 
A second major blue cod tagging programme was also undertaken in the Marlborough Sounds, in 
1973-76 (Mace & Johnston, 1983). Anchor tags were used to mark 2430 blue cod. From these, 84 
(3.5%) fish were recaptured (43 within 3 months, 12 between 3 and 6 months, 9 between 6 and 9 
months, and 10 after 9 months). Of these fish, 21 (25%) had moved more than 1.6 km from their 
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In contrast to Rapson's (1956) study, Mace and Johnston (1983) observed no blue cod over 300 
mm moving a significant distance from its release site, thus suggesting smaller blue cod were 
more mobile. However, like Rapson (1956), Mace and Johnston (1983) concluded that 
populations of blue cod are usually sedentary in temporally stable groups. 
Double tagging indicated that tag-shedding rates in the 1973-76 programme may have been as 
high as 43% per year (Mace & Johnston, 1983). Rapson (1956) also reported significant tag loss 
in his programme and attributed it to other blue cod biting off tags. 
Based on the movement results of the two previous tagging studies, blue cod of the Marlborough 
Sounds are regarded as a distinct stock with limited internal movement. However, Mace and 
Johnston (1983) noted that further work was necessary to determine if blue cod behavior in the 
Marlborough Sounds differs from that in other areas and habitats. 
The high tag loss rates encountered in both studies indicated a need to evaluate different types of 
tags for blue cod. In Chapter four, I evaluated the feasibility of tagging blue cod with a variety of 
tag types. Five tag types were tested in an aquarium for body site selection and 727 blue cod were 
released near Stewart Island (Figures 4.12 & 4.13) to opportunistically examine tag retention 
(Chapter 4) as part of a tetracycline age validation study (Chapter 2). The results showed that t-
bar tags inserted in a ventral position through the postcleithrum at the base of the pelvic fin 
avoided many problems associated with other tags and were relatively inexpensive and easy to 
apply. Each tag carried an individual identification number and a return address. T-tags were also 
non-cryptic and especially obvious to fishers who invert blue cod to cut the ventral aorta for 
bleeding. Over two years, the retention rate oft-tags was estimated to be 88%, with a return rate 
of 5.9% without using rewards. 
The results of the preliminary tagging study in Chapter four indicated that blue cod in Southland 
behaved differently from those in the Marlborough Sounds, moving more often, and significantly 
further. Consequently, to address the concern that disproportionate fishing pressure across BCO 5 
may result in the over fishing of discrete blue cod sub-stocks (area 025 in particular), I began a 
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5.2 Methods 
5 .2.1 Experimental design 
The purpose of the experiment was to determine the level of movement of blue cod within fishing 
return area 025 (local scale), and between area 025 and adjacent return areas (broad scale) (Figure 
5.1). Nine tagging strata were established within area 025, the boundaries of which where 
determined by a combination of three latitudinal strata (i.e. near-shore mainland New Zealand 
(north), mid Foveaux Strait, and near-shore Stewart Island (south)) and three longitudinal strata 
(i.e. West, Central, and East) (Figure 5.2)1. After consultation with fishers, an actual tagging site 
(approximately 5 kni2) was chosen within each tagging stratum. These locations were not random, 
but attempted to be spatially balanced within areas of known blue cod catch ability at least two 
kilometers from their stratum boundary (Figure 5.2) . 
Fishing was undertaken using cod pots within tagging sites until 1000 blue cod had been tagged at 
each site. The target of 1000 tags per site had a predicted return of approximately 50 tags, 
potentially making returns from each site comparable with previous blue cod tagging programmes 
(Rapson, 1956, Mace & Johnston, 1983). As blue cod may hold large and relatively stable 
territories (Mutch, 1983), all efforts were made to return fish to the specific area caught. Pots 
were therefore set in a systematic manner in several discrete fishing locations (approximately 0.07 
km2) throughout each tagging site until the target numbers of blue cod were tagged. While the 
number of fish tagged in each site was carefully balanced, the number of fish tagged within each 
fishing location varied with the catch of blue cod. Each fishing location was characterized by 
depth, location (autonomous Global Positioning System (GPS)), and bottom habitat (using a 
commercial echosounder). Bottom habitat was classified as: 
1) Sand flats: Open sand/gravel flats with low spatial heterogeneity and little or no macro-algae 
cover. 
2) Biogenic reef Moderate spatial heterogeneity consisting of mainly organic substrate such as 
bryozoans, sponges etc (also see Cranfield et al., 1999). 
3) Rocky reef fringe: Sand/gravel reef edge, adjacent to broken rocky topography with boulders, 
often supporting large brown macro-algae. 
1 Due to the orientation ofFoveaux Strait, "latitudinal" is used here to describe groups of strata lying 
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A small dredge was used to confirm ecosounder observations of bottom habitat type. It was not 
practical to balance blue cod release numbers across the three habitat types at each site. 
5 .2.2 Tag release 
Blue cod were caught and tagged using two chartered commercial blue cod potting vessels 
between 20 January and 13 March 1998. Fish were caught using commercial cod pots covered in 
a 1 cm soft mesh, a technique shown to cause no detectable mortality of returned fish, even when 
handled poorly (Carbines, 1999a - Appendix 7.2). After each pot was lifted, fish were quickly 
removed from pots with wet cotton gloves and placed in onboard holding tanks fed with constant 
running seawater. Blue cod were then measured to the 5 mm below total length, tagged at the 
base of the pelvic fin and placed in a recovery tank. 
Yellow 15 mm (tail size) Hallprint type TBA-2 t-bar anchor fish tags were inserted ventrally 
through the postcleithrum (at the base of the pelvic fin, Figure 4.5), using a Dennison tag-fast III 
tag gun with No. 08941 needles. All tags were printed with an individual identification number, 
the word "REWARD", and a contact address. 
Once catches declined to a low level, all fish in the recovery tank were released at the center of 
each fishing location. A single central release per fishing location ensured that - a) blue cod were 
released no further than approximately 150 m from their point of capture, b) all blue cod had 
sufficient time to recover from tagging, and c) losses from predators such as mollymawks 
(Diomedea species) and barracouta (Thyrsites atun) were avoided. 
5.2.3 Tag returns 
The blue cod fishery is seasonal, as many fishers are involved in the rock lobster fishery over the 
spring and early summer (Warren et al., 1997). The timing of the tagging phase allowed for tag 
returns over two seasons of the fishery. The recovery period reported here was from 23 January 
1998 to 30 November 1999. Rewards were offered for tags to encourage returns and to promote 
integrity in the catch data. Rewards have been used in past tagging studies but fishers have been 
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1988; Beentjes & Francis, 1999). For the current tagging programme a "Blue Cod - Tagging 
Programme" T-shirt was offered to all participants who returned a tag and supplied relevant catch 
information. However, as most returns were anticipated to come from commercial fishers each 
returning several tags, a prize draw for an Ansett New Zealand mystery weekend for two was 
used to encourage their continued participation ( Carbines, 1999b). All fishers returning tags were 
also provided with details of fish movements. 
Fishers were requested to provide fish length, date of capture, and location (GPS preferably) for 
all recovered fish. The tagging programme was publicized in Seafood New Zealand magazine 
(Carbines, 1998a) and the Southland Times newspaper in an attempt to notify both recreational 
and commercial fishers. 
5 .2.4 Data Analysis 
The distance travelled by blue cod was calculated as the straight-line distance between release 
and recapture locations. Only occasionally did the calculated route intersect land, and in these 
cases distance travelled was estimated by a series of straight lines drawn to mark the shortest 
possible sea route. For estimates of direction moved, intersection with land was ignored. 
An ANOVAC equivalent two-factor randomization test (Manly & Francis, 1999) was used to 
investigate the effect of longitudinal and latitudinal stratum at release on distance moved. A 
similar test was also used to investigate the effect of release-site bottom habitat type on distance 
moved. The Manly and Francis test uses a randomization procedure to approximate the "F" 
distribution as used in the parametric ANOV A. Unlike the standard ANOV A, the Manly and 
Francis procedure is not biased by the presence of unequal variances in the data (Manly & 
Francis, 1999). 
Length frequency distributions were compared among strata and bottom habitats (pair-wise) using 
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5 .2.5 Estimates of mixing within and between domestic return area 025 
The most common technique to describe the movements of fish is to draw arrows from where 
they were tagged to where they were recaptured. However, one obvious problem in the analysis of 
tag recoveries is that in areas with no fishing effort, no tags are recovered. The number of 
recoveries is therefore related to the amount of fishing effort in each stratum. To compensate for 
this, recoveries per-unit-effort should be used rather than total recoveries (Hilborn, 1990). 
Unfortunately, there has been relatively little formal statistical work on the analysis of movement 
data. Previous studies of stock mixing have ranged from the relatively simple interaction rate used 
by Francis (1988) for rig (Mustellus lenticulatus), to the complex models used by Attwood and 
Bennett (1994) for galjoen (Coracinus capensis). Early models were not applicable to most 
fisheries studies as they assumed equal probability of recapture in all strata and required multiple 
recaptures (Darroch, 1961; Amason, 1972, 1973). Ishii (1979) and Sibert (1984) were the first to 
apply spatially stratified mark-recapture models to fisheries data when they used least squares to 
estimate model parameters for tuna (J{atsuwonus pelamis) movements. Latter, Schwarz and 
Amason (1990) used multinomial probability functions and Hilborn (1990) used a maximum 
likelihood method to extend traditional statistical analysis of mark-recapture models. 
As fish were tagged at multiple strata and relatively detailed estimates of catch and effort were 
available, it was possible to use mark-recapture techniques to estimate mixing rates. However, as 
the experiment essentially consisted of only one temporal release and recapture event multi-
temporal recapture models more suitable for analysing open populations, like the Jolly-Seber 
Model (Seber 1982), could not be used. Instead, a modification of the more simplistic Petersen 
Model ( details & justifications given in Appendix 5 .1) was used to calculate mixing rates both 
between sub-areas within return area 025, and between area 025 and surrounding domestic return 
areas. Since the Petersen estimator was not used to estimate the absolute population size in each 
area the usual requirement that the populations are closed could be replaced by assumption 6 in 
Appendix 5 .1. 
To mitigate the biases of spatial variability in catch, an estimate of total catch during the recovery 
period was obtained for each area investigated. The only available proxy to estimate the area and 
extent of effective-blue-cod-habitat was depth; effective-blue-cod-habitat thus being defined as 
all sea-bed shallower than 200 m (Anderson et al., 1998). The area estimate of effective-blue-cod-
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size estimates for each area were derived. The relative stock-size estimates were used in the 
mixing rate calculations as per the Petersen formulae in Appendix 5 .1. 
The commercial blue cod fishery is monitored primarily from information provided on Catch, 
Effort and Landing Returns (CELR) (Warren et al., 1997). The catch and effort section of CELR 
forms is filled out on a daily basis when cod potting. CPUEs for return areas were calculated from 
catch data extracted from the Ministry of Fisheries Catch-Effort-Landing-Returns database. 
Mixing rate calculations used all tags returned from 1 April 1998 - 30 November 1999 (n=674). 
Within sub-areas of domestic return area 025, CPUEs were calculated from catch data collected 
by 15 volunteer commercial fisher diarists (Appendix 5.2). Diarists collected data from 14 sub-
areas within return area 025 (Appendix 5.2), nine of which were also tagging strata (Figure 5.2). 
Mixing rates within area 025 were then calculated using only tags returned by those diarists from 
1 April 1998 - 30 November 1999 (n=461). Diarists were recruited from the top 15 tag returns in 
February 1998. 
The mixing rate between sub-areas of return area 025 was estimated relative to each sub-area 
containing one of the nine tagging strata (Figure 5.2). The nine tagging strata allowed nine 
pairwise comparisons, namely the stratum of interest and all of the remaining area 025 combined. 




movement of fish tagged outside stratum; 
movement of fish tagged inside stratum. 
The assumptions listed in Appendix 5.1 for the Petersen mixing model define the null hypothesis. 
For the null hypothesis to be valid, mixing rates (as derived by the Petersen analysis) between the 
two areas must be reciprocal (i.e., at equilibrium). If the mixing rates between the two areas are 
found to be dissimilar we must reject the null hypothesis, i.e. the system is dynamic; characterised 
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Mixing rates between area 025 and surrounding return areas were derived from all recaptures of 
fish tagged within area 025. However, it was not possible to estimate reverse-movement mixing 
as no fish were tagged outside area 025. 
5.3 Results 
5.3.1 Tag and release 
From 20 January to 13 March 1998, 9368 blue cod were tagged at 139 release stations throughout 
the nine strata in area 025 (Table 5.1 2, Figure 5.2). Tagging took 15 fishing days for each of the 
two vessels, and was achieved over three distinct periods of fine weather. Mean bottom depth of 
release stations showed a slight trend towards shallower sites in the New Zealand stratum and an 
increase in depth towards the west stratum (Table 5.1). Release station depths ranged from 13.0 to 
54.3 m, the mean being 33.5 m (SE± 0.1). 
Most blue cod were tagged on biogenic reefs, and although the habitat variable was not balanced 
in the design, it was incorporated opportunistically (Table 5 .1 ). The size distribution of tagged 
blue cod varied among bottom habitats, with comparatively more small fish caught on sand flats 
and biogenic reefs than on rocky reef fringe (Figure 5.3). However, the mean size of blue cod was 
slightly larger on sand flats (Figure 5.3). Three paired comparisons ofrelease length composition 
among habitat types were possible. Each comparison produced a statistically significant K-S test 
result (P<0.001). 
There were also differences in the length frequency distributions of blue cod across latitudinal and 
longitudinal strata. Fish were largest in the Foveaux Strait latitudinal stratum (Figure 5.4), and 
smallest in the Stewart Island stratum (Figure 5.6) (means 331 and 319 mm respectively). Mean 
length generally increased from east to west (Table 5 .1 ), but this was due to relatively few large 
fish in the eastern strata (Figure 5.4-5.6). There were also proportionally more small fish in the 
three latitudinal central strata (Figure 5.4-5.6). 
2 Sample sizes reported elsewhere in this chapter may differ slightly from those in Table 5 .1, as not all tag 
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5.3.2 Recoveries 
Between 23 January 1998 and 30 November 1999, 7.93% (743) of the 9368-tagged blue cod were 
recaptured, and as expected most recaptures came from the commercial fishery. Recaptures came 
from all strata and all bottom habitats (Table 5.1, Figure 5.7). However, the number ofrecaptures 
varied greatly among sites and strata, with most coming from the New Zealand (n=413) and 
Stewart Island strata (n=215). Recapture rates ranged from 28.4% from sand flats in site NZl, to 
1.5% on sand flats in site FS3. Recapture rates also varied between bottom habitat types (see 
Table 5.1), with most coming from rocky reef fringe (11.3%), and least from biogenic reefs 
(5.6%). 
Recapture length information provided by fishers was deemed unreliable, as many measurements 
were inaccurate. Consequently, all analyses involving length were based on the total length at 
tagging. The size distributions of returned blue cod from each bottom habitat type, and each site, 
are given in Figures 5.3 to 5.6. All return lengths ranged from 220 to 485 mm total length, but few 
were below 300 mm, causing a significant difference between the size distributions of tagged and 
recaptured blue cod (K-S test, P<0.001). This was the result of commercial fishers being 
restricted to a pot mesh size of 48 mm in order to reduce the capture of fish below the MLS (330 
mm TL). When blue cod below 305 mm were removed from the analysis, the difference between 
length :frequency of tagged and recaptured fish was not significant (K-S test, P>0.05), indicating 
that fish above this size are vulnerable to capture. All blue cod above 305 mm are considered 
sexually mature (male and female blue cod from Foveaux Strait mature at 260 mm and 280 mm 
respectively, see Chapter 6). 
5.3.3 Distance moved 
Most fishers provided specific recapture locations, usually including autonomous GPS co-
ordinates accurate to within 100 m. This provided a high level of confidence in calculating 
distances travelled (Tables 5.2 & 5.3). However, the distribution of distances travelled was highly 
asymmetrical, the largest being 156.1 km, but 87% moving less than 10 km (Figure 5.8). Due to 
the presence of a few extreme distances moved in the recovery data, the median distance of 800 
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Most blue cod were recovered near their release location, with 60.2% moving less than 1 km 
(Figure 5.8). Results of the 2-way randomization test (Manly & Francis, 1999) showed a 
significant latitudinal and longitudinal stratum effect, as well as an interaction effect (P=0.001). 
Distance travelled from each latitudinal stratum therefore depended upon its longitudinal stratum 
location, and vice versa. 
The median distance travelled by recaptured blue cod tagged on rocky reef fringe was notably less 
(0.46 km) than for those tagged on biogenic reef (0.62 km) or sand flats (0.69 km) (Table 5.3). A 
randomization test on the effect of bottom habitat type and release site on distance moved was 
undertaken using data from sites NZl, NZ3, and SI3 so as to exclude areas with zero or few 
returns (Table 5.3). The results showed a highly significant release site effect (P=0.002), but 
bottom habitat type was not significant either on its own or as an interaction with site (P=0.446). 
5 .3 .4 Effects of size on distance travelled 
Despite a large number of smaller fish from the eastern strata moving large distances, the 
relationship between fish size and distance travelled was poor (R2 = 0.061). Blue cod travelling 
more than 20 km ranged from 280 to 420 mm total length (52% of the total recapture size range) 
and those moving less than 1 km include the entire recapture size range (220 mm-4 70 mm, Figure 
5.9). 
5.3.5 Catch and mixing rates between domestic return areas 
Mixing rates were calculated over 20 months of the tagging programme (1 April 1998 to 30 
November 1999), in which 644 tagged blue cod were recaptured in area 025, 27 in area 030, and 
three in area 027 (Figure 5.7). Over this period, 896.25 t of blue cod was caught by commercial 
fishers in return area 025, 557.51 t from area 030, and 289.94 t from area 027. CPUE (mean 
kg/pot lift) was greatest in area 027 (26.17 kg/lift), followed by area 030 (21.01 kg/lift) and 
lowest in area 025 (13.54 kg/lift). Areas of available blue cod habitat were calculated using the 
area of sea floor shallower than 200 m (Anderson, 1998) and is shown in Figure 5.1. 
Mixing rate calculations showed that blue cod in area 025 mixed moderately with those in area 
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three blue cod that moved into area 027 were caught on/or just over the boundary (Figure 5.3), 
this is likely to be a generous estimate of mixing into this area. 
5.3.6 Catch and mixing among domestic return area 025 
Commercial diarists recorded 22 702 - pot lifts over 903 fishing days, catching a total of 224.55 t 
of blue cod in return area 025. These fishers accounted for 71.6% of tag returns and 25% of the 
total commercial catch in this area from 1 April 1998 to 30 November 1999. 
Within 14 sub-areas of area 025, the blue cod catch, habitat area, and CPUE (mean kg/pot lift) of 
diarists is shown in Figure 5 .1 OA and Appendices 5 .2 to 5 .4. Sub-area eight yielded the largest 
catch (42.2%), followed by sub-area nine (12.7%) to the north-west (Figure 5.10A). Little or no 
catch was taken from the east-end of domestic return area 025. CPUE was highest along the New 
Zealand coast and lowest along Stewart Island (Figure 5.10A). 
Blue cod showed much higher rates of mixing between sub-areas within area 025 (Figure 5 .1 OB -
J) than between domestic return areas. As blue cod were tagged in separate sub-areas of area 025, 
it was possible to derive estimates of both immigration and emigration between each tagging 
stratum and the rest of area 025. All mixing rates are expressed relative to the size of the sub-area 
population at the time of tagging. Mixing rates were as high as 44.1 % emigration from FS 1 and 
39.0% immigration into NZ3. However, strata FS2 and NZl remained relatively isolated with 
mixing rates less than 2.6% (Figure 5.10). 
While immigration and emigration were similar in stratum FS3, in most strata there were large 
differences, with over a hundred times more immigration than emigration in NZ3 (Figure 5.10G). 
Thus, the null hypothesis that sub-areas of area 025 are at equilibrium is rejected, i.e., they are 
open populations in a dynamic system characterized by sinks and sources. 
Eastern strata (NZl, FSl, Sll) had the least immigration (mean 1.2% ± 1.2%) and the most 
emigration (mean 20.8% ± 12.7%). Where as western strata (NZ3, FS3, SI3) had the most 
immigration (mean 16.0% ± 11.5%) and the least emigration (mean 8.9% ± 4.1%) (Figure 5.10). 
Immigration was highest among the northern strata (NZl-3, mean 15.9% ± 11.8%), but least in 
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mid Foveaux Strait strata (FVl-3, mean 1.8% ± 1.8%). Emigration was consistently higher from 
the southern strata (Sll-3, mean 21.4% ± 3.8%) 
5.3.7 Direction of movement 
When movement data are standardized to a common point of release, a clear predominance of 
north-west movement is evident (Figure 5.11). Fishing effort was low in the eastern strata, which 
may account for the lack of eastern movement (Figure 5 .1 OA). However, fishing effort in central 
and western strata was comparable, so low fishing effort in the east does not fully explain the 
overall westward trend in the data (Figure 5.11). 
5.3.8 Seasonal effects of catch and movement 
Tags were returned every month and from all eight seasons following release in summer 1998 
(Figure 5.12). While the blue cod fishery is typically most active from March through July 
(Warren et al., 1997), during the recovery period it peaked later in 1998 and earlier in 1999 
(Figure 5.12). The numbers of tags recovered roughly followed the catch, although the largest 
number ofrecaptures came from January 1999. 
Seasonal trends in patterns of movement were evident when the data were categorized into four 
distance movement classes (>O km, >2 km, >5 km, >20 km) (Figure 5.13). In the spring of both 
1998 and 1999 there were significant increases in the percentage ofreturns moving more than 20 
km (x\1998) = 40.61 (2), p=0.0001; x\1999) = 27.31 (3), p<0.0001), more than 5 km (x\1998) = 34.79 
(2), p<0.0001; x\1999) = 21.34 (3), p=0.0001), and more than 2 km (x\1998) = 26.34 (2), p<0.0001; 
x\1999) = 27 .09 (3), p<0.0001 ). These spring peaks, and the subsequent reduction in number of fish 
moving in summer, autumn and winter imply that to some extent a seasonal migration has 
occurred. In addition to the above observations, the trend of north-west movement is more 
pronounced over the spring periods (Figures 5.14 & 5.15). 
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5.4 Conclusions 
Rapson (1956) found that 9.3% of blue cod tagged and recaptured in the Marlborough Sounds had 
moved more than 1.6 km, and only 3.1% moved more than 16 km (Table 5.4). Twenty-seven 
years later; Mace and Johnson (1983) found considerably more movement (28.0% > 1.9 km, and 
4.8% > 16 km). The Southland (BCO 5) fishing return area 025 is almost 800 km south-west of 
the Marlborough Sounds and 9368 blue cod were tagged there during the current programme 
(Figure 1.1). Of the total number of blue cod recovered, 29.1 % had moved more than 1.6 km, and 
this result is consistent with Mace and Johnson's (1983) findings (Table 5.4). However, Mace and 
Johnson (1983) reported that only 4.8% of their recaptured animals had moved more than 16 km, 
where as in the current study 11.0% had mover further than this. These results suggest the bulk of 
blue cod populations in Foveaux Strait and the Marlborough Sounds move comparable distances. 
However, the mobile portion of the Foveaux Strait population moved greater distances than the 
mobile portion of the Marlborough Sounds population. 
Both Rapson (1956) and Mace and Johnson (1983) suggested that movements of blue cod were 
size dependent. However, Rapson (1956) concluded larger fish were transient, while Mace and 
Johnson (1983) considered it was the smaller fish that moved. Due to commercial mesh size 
restrictions in BCO 5, little can be concluded about the movements of small fish (>305 mm) in 
the current study. However, no size - distance relationship was evident in return Foveaux Strait 
(Figure 5.9). 
The blue cod habitat in Foveaux Strait (domestic return area 025) could be sub divided into three 
distinct bottom types: sand flats, biogenic reefs, and rocky reef fringe. The size distribution of 
blue cod caught during the tagging phase of the study varied significantly among these habitats. 
Larger numbers of small fish were caught on sand flats and biogenic reefs, which suggests these 
habitats may be more important to recruitment than rocky reef fringe. This finding is consistent 
with Mutch's (1983) observations of blue cod in Northland. 
Foveaux Strait tagging phase CPUE data analysis indicated blue cod relative abundance also 
differed among habitat types. However, there was no evidence in the tagging data that fish moved 
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The length composition of fish tagged during the release phase of the current programme varied 
across the nine spatial strata. Mean fish size was largest in the central Foveaux Strait stratum and 
smallest in the eastern Stewart Island stratum. There was also a progressive increase in size from 
east to west. The large number of small fish observed at all central longitudinal strata further 
suggests this area may be important to recruitment and/or subsequent survival. The tagging CPUE 
results also provide further evidence that blue cod relative abundance differs among areas as well 
as habitats. It appears that more blue cod were present (relative abundance) in the east for both 
central Foveaux Strait and the southern Stewart Island strata, but in the west in the northern New 
Zealand strata. These data further suggest that geographical location can also influence the size, 
structure and distribution of blue cod populations within domestic return area 025. 
While the habitat blue cod were released into had no apparent effect on distance moved, spatial 
location was found to be an important factor influencing distance travelled. However, a 
significant interaction between release strata shows that factors influencing distance travelled are 
more complex than simply latitudinal or longitudinal location alone. The tag mixing model 
further showed that blue cod in return area 025 had only little or moderate interaction with 
neighbouring domestic return areas. The largest rate of mixing occurred with the western 
domestic area 030 (S025_030 = 14.7%). No mixing could be shown with area 026 to the east as no 
tagged blue cod were recovered there. However, commercial catches were low in 026, so the lack 
of recaptures may be an artifact of the distribution of fishing effort. 
The tagging results suggest mixing of blue cod among return areas within BCO 5 is likely to be 
slow. Therefore, if fishing pressure is disproportionate to stock abundance there is a potential to 
locally deplete stocks at the return area scale. Movement of blue cod within return area 025 was 
more complex, and broader scale stock movement processes may drive patterns observed. The 
system is dynamic, with certain sub-areas acting as sinks, collecting animals in from other areas 
of 025, while most sub-areas acted as sources losing fish to other areas of 025. Most sources for 
area 025 were to the east or along the coast of Stewart Island, and the only major sink was in the 
north-west comer of area 025 (Figure 5.10). However, as no small scale mixing rates could be 
calculated between 025 sub-areas and sub-areas of return area 030, it is possible that the north-
west sink of area 025 may further drain into some adjacent area of 030. The important message 
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susceptible to over fishing and stock depletion. Where as sinks ( e.g., NZ3) will be more able to 
recover from over exploitation and should account for most of the fishery. 
Although most tagged blue cod recovered during the current study had not moved beyond 1 km, 
there was a strong bias toward the north-west by those that did. This north-west trend could not be 
explained by spatial differences in fishing pressure as within area 025 mixing rate calculations, 
which compensate for disproportionate fishing effort, also showed a higher level of mixing into 
the north-west. An increased proportion of blue cod moving significant distances, especially to 
the north-west, in the spring of both 1998 and 1999 further suggests some seasonal migration had 
occurred. As Southland blue cod spawn between September and November (see Section 6.3.6), it 
is possible that such a migration is associated with spawning. Furthermore, in spring there seems 
to be a congregation of recaptures near Centre Island and the northern tip of Stewart Island 
(Figure 5.15). These results were consistent with the 1995 pilot study (Chapter 4), in which 
several blue cod tagged off Half Moon Bay (Stewart Island) were recaptured west near Centre 
Island and Te Waewae Bay (Figure 4.12). 
Although other species of Parapercis remain very localized (Stroud, 1984; Kobayashi et al., 
1993a), the concept of southern blue cod undertaking seasonal spawning migrations is not new 
(Graham, 1939a; Rapson, 1956; Robertson, 1973; Warren et al., 1997). However, it has been 
dismissed for populations in the Marlborough Sounds (Rapson, 1956; Mace & Johnston, 1983). 
The type of differential movement behavior observed in both the current tagging programme, and 
in the Marlborough Sounds, is also common among other species of benthic fish. For example, 
98% of tagged black sea bass (Centropristis striata) remained localized while some individuals 
moved as far as 259 km (Ansley & Harris, 1981). Differential movement behavior has also been 
observed among Plectropomus leopardus (Beinssen, 1989), Anaplopoma fimbria (Beamish & 
McFarlane, 1988), Coracinus capensis (Attwood & Bennett, 1994), and to some extent Mustelus 
lenticulatus (Francis, 1988). This type of population movement behavior is know as either 
conditional, or unconditional, dispersal polymorphism (Attwood & Bennett, 1994), and is also 
common among terrestrial animals (Swingland, 1984). Unconditional dispersal polymorphism 
can provide a natural negative feedback in maintaining population densities, as any individual 
may move if local densities become too high, or if some limiting resource ( e.g., food, shelter etc) 
becomes too low. Conditional dispersal polymorphism refers to a situation where one section of 
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have been unsexed and the size of recoveries were some what restricted by mesh and takable size 
restrictions, it is difficult to determine if dispersal polymorphism is either conditional, or 
unconditional for blue cod. However, as a wide size range of blue cod moved considerable 
distances in the current study, suggesting dispersal polymorphism is unconditional for blue cod. 
Southland and Otago waters are mainly open coasts, and they are subject to the influence of the 
Tasman and Southland Currents (Houtman, 1966; Heath, 1972; Heath, 1981). In Foveaux Strait 
these currents join to flow from west to east, and counter-current seasonal movements of blue cod 
may play crucial roles in the larval recruitment process by countering the effects of displacement 
in the direction of the currents transporting pelagic eggs and larvae. It seems likely that at least a 
portion of the population moves, and if movement is directional like this then it can be considered 
a migration, making blue cod movements migratory polymorphic. To determine the extent and 
nature of this behavior, blue cod within some other current regimes should be tagged. 
The management implications of a blue cod counter current spawning migration are uncertain as 
they depend on whether or not post-spawning fish migrate back to their pre-spawning areas. This 
scenario is supported by the fall in mean distance traveled following the spring of both years 
(Figure 5.13). If this is the case, there is little need for concern as there is only limited fishing 
effort in spring. However, it is also possible that there is only a consistent westward movement, 
with more recruitment in the east and fish size increasing toward the west (Figure 5.5 & 5.6). If 
this is the case, the implications may be two-fold. Firstly, it will be important to ensure 
recruitment is not threatened but the destruction of habitats which may be important to blue cod 
recruitment in the east of Foveaux Strait (Jiang & Carbines, 2002; Carbines et al., In Press). 
Secondly, it will also be important to ensure there are sufficient numbers of spawning blue cod in 
the west ofFoveaux Strait. 
Overall, these observations suggest that blue cod movement is complex and spatially 
heterogeneous, but that domestic return areas have only moderate stock interactions. Given that 
area 025 alone accounts for 52% of the total BCO 5 commercial landings, and it seems unlikely 
that it will receive any significant immigration from neighboring return areas, there is clearly 
potential for local depletion if this level of extraction is, or becomes, unsustainable. Based on the 
results of this study, it may therefore be sensible to manage the blue cod fishery by subdividing 
the QMA quota into separate quota allocations for return areas at least. This management strategy 
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disproportionately high fishing pressure around Stewart Island (Elvy, et al., 1997a). In such a 
management regime each sub-area quota will evolve a value based on market forces, presumably 
quota value will decrease in price with increased distance from major landing ports. However, 
other factors such as stock size/catch rates, accessibility, and quality of fish will also have the 
potential to effect quota values. 
The recurring conclusion of this study is the need to manage blue cod on smaller spatial scales 
than is done currently. The results presented here indicate that blue cod is a species more suited to 
local scale management than the national approach which has been pervasive in New Zealand 
fisheries management since the introduction of the Quota Management System (see Annala et al., 
2000). Such local management strategies as Taiapure (Ministry of Agriculture & Fisheries, 1993), 
Mataitai (Ministry of Agriculture & Fisheries, 1993; Ministry of Fisheries, 1998) and marine 
reserves (Department of Conservation, 2000) are likely to benefit blue cod, but only if the areas 
they cover are large enough to ensure that they encompass resident populations. While the 
required size of such areas may vary between locations, the optimal area would need to be at least 
2 km2 in Foveaux Strait. 
The Paterson Inlet Management Plan (Stewart Island) (Elvy, et al., 1997b) covers 96 km2 and is a 
good example of a more appropriate scale for the management of southern blue cod. Observations 
of blue cod size (Davidson, 1995) and movements (Cole et al., 2000) both in and outside of the 
Long Island-Kokomohua Marine Reserve (6 km2) in the Marlborough Sounds also suggest that an 
area of this size can be effective at holding a resident population. As long as Taiapure, Mataitai, 
marine reserves, or any future small scale management area is large enough to maintain a resident 
population, then both this and other studies (Rapson, 1956; Mace & Johnston, 1983; Davidson, 
1995; Cole et al., 2000) suggest they will be effective management tools to enhance blue cod 
populations within them. However, more research on the impacts that these areas have on 
localized blue cod population dynamics in several regions would be helpful in confirming the 
effectiveness of such management regimes. 
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TABLE 5 .1. Number and mean length of blue cod tagged within each stratum by bottom habitat type 
at mainland New Zealand (NZ 1-3), mid Foveaux Strait (FS 1-3), and Stewart Island (SI 1-3). Also 
shown are the numbers of stations (Stn.), CPUE (fish per station), depth, number of recaptures, and 
percent recaptured (SE, standard error). 
Stratum No. No. CPUE Length (mm) Depth (m) No. % 
& habitat tagged Stn. Mean SE Mean SE recapt. Recapt. 
NZl (East) 1093 16 68.3 312 1.09 35.3 0.2 198 18.1 
·:, Sand flat 102 4 25.5 315 3.62 40.7 0.0 29 28.4 
Biogenic reef 102 5 20.4 311 3.39 41.5 0.0 22 21.6 
Rocky reef 889 7 127.0 311 1.21 34.0 0.2 147 16.5 
NZ2 (Central) 1030 36 28.6 324 1.67 29.8 0.9 48 4.7 
Sand flat 276 14 19.7 327 3.09 26.2 0.4 8 2.9 
Biogenic reef 706 15 47.l 324 1.94 32.4 0.1 32 4.5 
> 
Rocky reef 48 7 6.9 249 11.79 13.0 0.0 8 21.1 
'> 
NZ3 (West) 1045 11 95.0 338 1.13 27.9 0.1 167 16.0 
Sand flat 119 4 29.8 350 2.86 29.6 0.0 19 16.0 
y Biogenic reef 262 1 262.0 339 2.34 32.9 0.0 50 19.1 
Rocky reef 664 6 110.7 335 1.41 25.7 0.1 98 14.6 
"' FSl (East) 993 6 165.5 323 1.52 37.0 0.3 43 4.3 
Sand flat 0 
Biogenic reef 263 2 131.5 314 3.01 51.2 0.0 11 4.2 
Rocky reef 730 4 182.5 327 1.74 31.9 0.1 32 4.4 
FS2 (Central) 1047 20 52.4 339 1.85 34.0 0.0 56 5.3 
·., :1 Sand flat 514 13 39.5 332 2.87 33.9 0.0 22 4.3 
Biogenic reef 533 7 76.1 345 2.39 34.0 0.1 34 6.4 
•. 
Rocky reef 0 
FS3 (West) 1034 13 79.5 331 1.41 34.8 0.1 16 1.5 
>. Sand flat 199 4 49.8 362 2.72 33.4 0.1 3 1.5 
:, Biogenic reef 835 9 92.8 324 1.51 35.1 0.1 13 1.6 
Rocky reef 0 
[, 
'> Sil (East) 1198 12 99.8 309 1.31 36.6 0.3 75 6.3 
Sand flat 0 
~ Biogenic reef 641 8 80.1 305 1.95 28.6 0.3 22 3.4 
\ C, 
Rocky reef 557 4 139.3 313 1.69 45.7 0.3 53 9.5 
~ SI2 (Central) 1024 12 85.3 313 1.87 31.6 0.1 37 3.6 
Sand flat 404 5 80.8 321 3.16 35.0 0.1 9 2.2 
Biogenic reef 620 7 88.6 308 2.28 29.4 0.2 28 4.5 
Rocky reef 0 
,,, 
SI3 (West) 904 13 69.5 336 1.51 34.2 0.2 103 11.4 
··< Sand flat 350 4 87.5 321 2.05 42.1 0.0 42 12.0 
\ 
Biogenic reef 74 3 24.7 347 4.82 30.0 0.0 12 16.2 
Rocky reef 480 6 80.0 346 2.16 29.1 0.1 42 8.6 
,!._ 
Overall Total 9368 139 67.4 325 0.51 33.5 0.1 743 7.9 
Sand flat 1964 48 40.9 330 1.24 34.5 0.1 139 7.1 
Biogenic reef 4036 57 70.8 322 0.80 33.6 0.1 224 5.6 
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TABLE 5.2. Descriptive statistics ofrecaptured blue cod tagged at mainland New Zealand (NZ 1-3), 
mid Foveaux Strait (FS 1-3) and Stewart Island (SI 1-3) stratum (SE, standard error; N, sample size). 
Stratum & Variable N Mean Median SE Min. Max. 
NZl (East) 
Tagged length (mm) 198 323.1 320 2.0 225 440 
Release depth (m) 198 36.3 39.4 0.4 25.6 41.5 
Period at liberty (days) 198 300.2 313 7.5 35 564 
Distance travelled (km) 196 3.4 0.7 0.7 0.1 75.4 
NZ2 ( central) 
Tagged length (mm) 48 340.1 340 5.6 220 460 
Release depth (m) 48 27.6 31.1 1.1 13.0 35.0 
Period at liberty (days) 48 272 261.5 21.9 23 623 
Distance travelled (km) 47 12.7 1.9 3.5 0.3 156.1 
NZ3 (West) , 
Tagged length (mm) 166 344.9 345 2.5 225 440 
';7 Release depth (m) 167 28.4 27.7 0.3 23.8 32.9 
Period at liberty (days) 167 293.4 340 13.0 86 612 
Distance travelled (km) 167 1.0 0.5 0.4 0.0 58.6 
FSl (East) 
Tagged length (mm) 43 343.3 335 6.0 280 485 
/ .) Release depth (m) 43 37.0 34.7 1.3 29.2 51.2 
" 
Period at liberty (days) 43 263.1 332 21.0 3 577 
Distance travelled (km) 43 15.2 1.6 3.2 0.3 66.7 
FS2 (Central) 
(}-
Tagged length (mm) 56 361.1 365 4.7 225 440 
Release depth (m) 56 34.0 34.6 0.2 31.1 35.2 
Period at liberty (days) 56 231.1 209 22.4 12 602 
Distance travelled (km) 56 2.9 1.2 0.7 0.1 26.9 
FS3 (West) 
,'\ Tagged length (mm) 16 346.9 342.5 5.6 320 380 
Release depth (m) 16 32.7 31.1 0.6 31.1 38.4 
Period at liberty (days) 16 252.4 303 34.6 2 464 
'.> Distance travelled (km) 16 1.8 1.2 0.4 0.3 3.8 
Sil (East) 
Tagged length (mm) 75 325.9 325 3.3 275 390 
Cl- Release depth (m) 75 39.0 32.9 1.2 18.0 54.3 
Period at liberty (days) 75 265.2 314 17.9 6 600 
Distance travelled (km) 75 5.8 1.3 1.9 0.3 109.2 
SI2 (Central) 
Tagged length (mm) 37 352.4 350 5.3 295 400 
~ Release depth (m) 37 29.9 31.8 0.7 25.6 36.6 
:, Period at liberty (days) 37 256.3 237 24.8 25 573 
Distance travelled (km) 37 10.7 1.8 2.8 0.4 83.1 
SI3 (West) 
Tagged length (mm) 103 342.9 335 3.0 285 470 
Release depth (m) 103 35.6 31.1 0.6 26.6 42.1 
;\ Period at liberty (days) 103 195.7 96.0 18.4 3 630 
cj Distance travelled (km) 99 6.5 1.00 1.0 0.0 43.91 
Overall Total 
Tagged length (mm) 741 338.1 335 1.2 220 485 
\ 
Release depth (m) 743 33.6 32.9 0.3 13.0 54.3 
Period at liberty (days) 743 268.3 310.0 5.7 2 630 
Distance travelled (km) 736 5.1 0.0 0.7 0.0 156.1 
J-
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IL TABLE 5.3. Descriptive statistics ofrecaptured blue cod tagged and released on sand flats, biogenic 
reef and rocky reef habitat of all sites in domestic return area 025 (SE, standard error; N, sample size). 
Variable N Mean Median SE Min Max 
Sand flats 
Tagged length (mm) 139 339.4 335 2.8 225 440 
Release depth (m) 139 36.9 40.7 0.5 20 42.1 
Period at liberty (days) 139 247.9 283 14.2 2 574 
Distance travelled (km) 137 5.4 0.9 1.0 0.1 75.4 
Ii , 
Biogenic reef 
Tagged length (mm) 222 343.9 340 2.9 220 430 
Release depth (m) 224 33.6 32.9 0.4 18 51.2 
Period at liberty (days) 224 256.7 261 10.7 5 623 
Distance travelled (km) 223 6.0 1.1 0.9 0.1 109.2 
Rocky reef 
" Tagged length (mm) 380 334.3 330 1.7 225 485 
r ~ Release depth (m) 380 32.3 31.1 0.4 13 54.3 Period at liberty (days) 380 282.6 313 7.5 3 630 
Distance travelled (km) 376 4.4 0.7 0.7 0.0 156.1 
Overall Total 
Tagged length (mm) 741 338.1 335 1.2 220 485 
I, ~ Release depth (m) 743 33.6 32.9 0.3 13 54.3 
Period at liberty (days) 743 268.3 310 5.7 2 630 >-
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Pelorus & Queen Charlotte 
Sounds 
Marlborough Sounds 




Tagged Recaptures Duration Max dist (km) > 1.6 km > 16 km 
5050 191 (3.8%) 13 months 
(1940 - 41) 
2430 84 (3.5%) 28 months 
(1973 - 76) 
9368 743 (7.9%) 20 months 
(1998 - 99) 
125 
48 9.3% 3.1% 
42 25.0% 4.8% 
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FIGURE 5.1. South Island blue cod quota management areas BCO 3, BCO 5 and BCO 7. The seven 
domestic fishing return areas of BCO 5, and area 026 (BCO 3), are shown. Blue cod habitat shallower 
than 200 m is shaded. 
BC07 
BC03 
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FIGURE 5.2. The nine tagging sites used in Foveaux Strait (domestic return area 025). Tagging sites 
are stratified within three longitudinal strata and release locations are identified by symbols within each 
tagging site (mainland New Zealand (/1 NZ 1-3), mid Foveaux Straight (D FS 1-3), Stewart Island (0 
SI 1-3). The three latitudinal strata release locations are identified by colour (West - blue, Central -
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FIGURE 5.3. Length frequencies of blue cod from different bottom types throughout all sites. N = the 
number of blue cod tagged (white) and n = the number recaptured (black). Mean± standard error for 


























All sites : Sand flats 
N = 1964, Mean 330 ± 12 mm 
n = 139, mean 339 ± 28 mm 
14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 
Length (cm) 
All sites : Biogenic reef 
N = 4036, Mean 322 ± 8 mm 
n = 223, mean 344 ± 22 mm 
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Length (cm) 
All sites : Rocky reef 
N = 3368, Mean 324 ± 7 mm 
n = 380, mean 335 ± 17 mm 











Chapter Five Movement patterns & stock mixing Page 129 
FIGURE 5.4. Length frequencies of blue cod from sites in Foveaux Strait strata. N = the number of 
blue cod tagged (white) and n = the number recaptured (black). Mean± standard error for each are 
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Total site : FS1 (East) 
N = 993, Mean 322 ± 15 mm 
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14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 
Length (cm) 
Total site : FS2 (Central) 
N = 1046, Mean 339 ± 19 mm 
n = 56, mean 361 ± 47 mm 
14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 
Length (cm) 
Total site : FS3 (West) 
N = 1034, Mean 331 ± 14 mm 
n = 16, mean 347 ± 56 mm 
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FIGURE 5.5. Length frequencies of blue cod from sites in mainland New Zealand strata. N = the 
number of blue cod tagged (white) and n = the number recaptured (black). Mean± standard error for 
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Total site : NZ1 (East) 
N = 1093, Mean 312 ± 11 mm 
n = 198, mean 323 ± 19 mm 
14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 
Length (cm) 
Total site : NZ2 (Central) 
N = 1030, Mean 323 ± 17 mm 
n = 48, mean 340 ± 56 mm 
14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 
Length (cm) 
Total site : NZ3 (West) 
N = 1045, Mean 338 ± 11 mm 
n = 167, mean 346 ± 25 mm 
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FIGURE 5.6. Length frequencies of blue cod from sites in mainland Stewart Island strata. N = the 
number of blue cod tagged (white) and n = the number recaptured (black). Mean± standard error for 
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Total site: S11 (East) 
N = 1198, Mean 309 ± 13 mm 
n = 75, mean 327 ± 33 mm 
14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 
Length (cm) 
Total site : S12 (Central) 
N = 1024, Mean 313 ± 19 mm 
n = 37, mean 352 ± 53 mm 
14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 
Length (cm) 
Total site : S13 (West) 
N = 904, Mean 336 ± 15 mm 
n = 103, mean 342 ± 29 mm 
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FIGURE 5.7. The nine tagging sites and recapture locations of blue cod in Foveaux Strait (domestic 
return area 025). Sites are stratified within three longitudinal strata identified by symbols (mainland 
New Zealand (b.. NZ 1-3), mid Foveaux Straight (D FS 1-3), Stewart Island (0 SI 1-3)) and three 
latitudinal strata are identified by colour (West ~ blue, Central - green, and East - red). Recapture 
locations are identified as closed symbols in the shape and colour combination of their release site. 
Domestic return areas are labelled and the commercial blue cod catch over the recapture period is 
bracketed below. 
6 NZ1 release .WZ1 recaphre 
6 NZ2 release /!NZ2 recapue 
6 NZ3 release [tJZ3 recaptlre • 
0 FS1 release 
D FS2 release 
D FS3 release 
0 SI 1 release 
0 S12 release 
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FIGURE 5.9. Relationship between blue cod total length and distance moved by release sites in domestic 
return area 025. Longitudinal strata identified by symbols (mainland New Zealand (.&NZ 1-3), mid 
Foveaux Straight ( • FS 1-3), Stewart Island (•SI 1-3)) and latitudinal strata identified by colour (West 
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FIGURE 5.10. A) Diarist's catch, area <200 m deep area (lmi2) and mean CPUE (kg/pot lift) in 14 
sub areas of domestic return area 025. B-J show mixing rates ( see Appendix 5 .1) between release 
strata (hatched) and the rest of area 025. A ratio of net gain is marked in each stratum and all 
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FIGURE 5.11. Plot showing the direction and magnitude of movement standardised from the 
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FIGURE 5.12. Histogram of blue cod tag returns by month, and line graph of blue cod catch in 
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FIGURE 5.13: The percentage ofblue cod moving 2-5 km, 5-20 km and> 20 km in each of the 
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FIGURE 5.14. Plot showing the direction and magnitude of movement standardised from the point 
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FIGURE 5 .15. The nine tagging sites and recapture locations of blue cod in Foveaux Strait ( domestic 
return area 025) for spring 1998 and 1999 only. Sites are stratified within three longitudinal strata 
identified by symbols (mainland New Zealand (A NZ 1-3), mid Foveaux Straight (0 FS 1-3), Stewart 
Island (0 SI 1-3)) and three latitudinal strata identified by colour (West - blue, Central - green, and 
East - red). Recapture locations are identified as closed symbols in the shape and colour combination of 
their release site. Domestic return areas are labelled. 
) ~ I tJ ~) _( J ~ I ( 
\ \ \ f -;-o;' is,- "'30 "" \ 
__,_ .J kilom~ter,s _;;' 
030 
6. NZ1 release .1NZ1 recapttre (557.51t) t:,. NZ2 release tsfZ2 recapttre 
t:,. NZ3 release LtJZ3 recapttre Q 
D FS1 release 1afS1 recapttre i · 0 FS2 release FS2 recapture 0 FS3 release FS3 recapttre 026 
O SI 1 release QSI 1 recapttre 025 (25.09t) 
O Sl2 release @Sl2 recapttre 










Chapter Five Movement patterns & stock mixing Page 139 
APPENDIX 5.1 Tag mixing models used to estimate mixing rates in blue cod. 
The net flow of animals from one area (A) to another area (B) per unit time is termed 
the mixing rate. If mixing occurs only between areas A and B, then animals tagged in 
area A will eventually be distributed between A and B in proportion to the ratio of the 
populations sizes, ie. they will have attained an equilibrium distribution. For 
example, if the populations in A and B are the same size, the equilibrium distribution 
of tagged animals between A and B will be 1: 1. If population A is twice as large as 
population B the equilibrium distribution of tagged animals will be 2:1. 
The total time taken for a group of marked animals, released in area A, to achieve an 
equilibrium distribution across areas A and B is a function of the mixing rate and the 
relative size of the populations in A and B. The length of time needed for two stock 
areas to achieve equilibrium mixing has implications for stock management. For 
example, if the equilibrium time is long, the populations in the two areas are relatively 
independent. 








Tag loss and mortality is constant over all areas 
Under-reporting is constant over all areas 
All movement over the period of interest occurs before recaptures are made 
(n2) 
Tagged and untagged animals have equal catchability 
The two populations are at equilibrium with respect to movement, ie. an equal 
number of animals move from A->B as from B->A. Implicit also, is that the 
rate of interchange between the two stocks is constant from year to year. 
The two populations are at equilibrium with respect to recruitment, total 
mortality and emigration/immigration from/to areas outside their collective 
bounds. If this is not true then it is necessary to assume that the respective 
rates at which the two stocks are changing (increasing/ decreasing) are 
equivalent. 
Mixing algorithms are derived from the basic Petersen tagging estimator (see 
Appendix 7.1). Since we are not interested in calculating absolute abundance the 
normal requirement that the system is closed can be relaxed as long as assumption 6 
above is valid. 
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If all animals were originally tagged in area A and given time to mix, then over the 
following 20 months the proportion of animals from area A moving to area B (miXAB) 
is given by: 
Equation 2 
From Equation I: 
Equations 3 
While NA or NB are not known explicitly, their ratio ( rat BA) can be estimated from the 
CPUE (which is assumed to be proportional to density) and the habitat area (km2) of 
areas A and B: 
NB CPUE B * AreaB 
-=ratBA = 
NA CPUEA * AreaA Equation 4 
Dividing Equations 3 NA and substituting Equation 4 gives: 
*nlA = m2A 
n2A 
Equation 5 
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Substituting Equation 5 into Equation 2 gives 
n 2A rat BA m2B 
~ ----------
n2B m2A + n2A rat BA m2B 
I, 
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APPENDIX 5 .2. Area and diary derived CPUE data that were used for mixing calculations where 
tagged fish were recovered. Inside area refers to the diary area, and outside area is the rest of area 
025 (see Figure 5.10). 
Tagging Diary Inside area Outside area Inside area Outside area Inside/outside 
" stratum size (km2) size (km2) CPUE CPUE* area pop" area 
(Fig 5.2) (Fig 5.10) (kg/pot lift) (kg/pot lift) ratio 
·/ 
330.70 3228.10 34.13 9.72 2.78 
SI3 2 195.60 3363.20 8.83 11.51 22.41 
FS3 3 226.80 3332.00 11.15 11.37 14.98 .,. 
NZ3 4 310.20 3248.60 16.18 11.07 7.17 
SI2 5 131.80 3427.00 9.26 11.62 32.63 
' 
FS2 6 230.40 3328.40 9.05 11.44 18.26 
NZ2 7 348.50 3210.30 11.78 11.35 8.87 
SI1 8 426.40 3132.40 8.41 13.51 11.80 
'( FS1 9 603.30 2955.50 10.38 11.50 5.43 
10 163.90 3394.90 12.90 11.34 18.21 
NZl 11 444.70 3114.10 11.96 11.33 6.63 
·"' 12 146.50 3412.30 6.00 11.38 44.19 
* weighted mean of all other areas 
.'>-
APPENDIX 5 .3. Estimate of the percent of movement from each tagging stratum into the .. 
remainder of domestic return area 025 from April 1998 until November 1999 (see Figure 5.10). 
J. 
Tagging Diary No. tagged No. stratum No. stratum Inside Outside Outside/inside Percenfof inside 
e,. 
stratum area in stratum tags recovered tags recovered stratum stratum stratum stratum pop" 
(Fig 5.2) (Fig 5.10) in stratum out of stratum catch catch pop" ratio emigrating 
(tonnes) (tonnes) 
SI3 2 904 46 7 12.73 211.82 22.41 17.01% 
> FS3 3 1034 9 8.49 216.06 14.98 6.14% 
NZ3 4 1045 114 12.65 211.90 7.17 0.37% 
SI2 5 1024 20 2 24.92 199.63 32.63 28.94% 
FV2 6 1047 24 1 7.60 216.95 18.26 2.60% 
NZ2 7 1030 17 5 5.35 219.20 8.87 5.99% 
SI1 8 1198 39 94.76 129.79 11.80 18.10% 
FS1 9 993 6 6 28.53 196.02 5.43 44.14% 
NZl 11 .. ,, 1093 158 10.48 214.07 6.63 0.21% 
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APPENDIX 5.4. Estimate of the percentage movement from outside stratum into each 
stratum (see Figure 5.10). 
Tagging Diary Initial no. No. outside No. outside Outside Inside Inside/outside Percent of Percent of Ratio 
strata area tagged out- stratum tags stratum tags stratum stratum stratum pop" outside stratum mix predicted/observed 
(Fig 5.2) (Fig 5.10) side stratum recovered recovered catch catch ratio stratum pop" expected if movement 
out stratum in stratum (tonnes) (tonnes) emigrating pop" closed 
SI3 2 8464 457 211.82 12.73 0.044 0.16% 3.64% 0.21 
FS3 3 8334 457 216.06 8.49 0.066 0.37% 5.55% 0.90 
NZ3 4 8323 447 11 211.90 12.65 0.139 5.44% 38.98% 104.3 
SI2 5 8344 458 0 199.63 24.92 0.030 
FV2 6 8321 458 0 216.95 7.60 0.054 
NZ2 7 8338 457 219.20 5.35 0.112 1.00% 8.88% 1.48 
SI1 8 8170 446 12 129.79 94.76 0.084 0.31% 3.67% 0.20 
FSl 9 8375 458 0 196.02 28.53 0.184 
NZl 11 8275 458 0 214.07 10.48 0.150 
143 
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A species of fish is considered hermaphroditic if a substantial proportion of individuals in the 
population function as both sexes, simultaneously, sequentially, or at some time during their 
early life history (rudimentary) (Sadovy & Shapiro, 1987). There are two types of sex change, 
protogyny is when fish are female first and protandry is when fish are male first. Changes in 
sex are also often associated with a colour change, and a difference in coloration between the 
sexes is known as sexual dichromatism. 
Currently little is known about the reproductive biology of blue cod (Mutch, 1983; Pankhurst 
& Kime, 1991; Pankhurst & Conroy, 1987), although there is a popular belief that sex change 
occurs as they grow older. The prevailing theory is that blue cod are sexually dichromatic 
sequential protogynous hermaphrodites, starting out life in the brown phase (Figures 6.1 & 
6.2) "female" state and then undergoing sex inversion to become blue phase (Figure 6.3) 
"males" (Mutch, 1983; Ayling, 1987, Paulin & Roberts, 1992a). This type of reproductive 
strategy has implications for the management of blue cod as it usually involves sex inversion 
at a certain size, age or social/environmental cue. Such fisheries may need special attention so 
as to conserve a sufficient number of each sex for reproduction of the stock (Reinboth, 1980; 
Huntsman & Schaaf, 1994). 
In Chapter two, it was demonstrated that male blue cod grow significantly faster than females. 
If sex inversion also occurs in this species, then the blue cod fishery may well be based 
primarily on males since they grow larger and sex inversion is thought to occur at a size less 
than the minimum legal size (Mutch, 1983). Many fishers, especially those in the 
Marlborough Sounds, are concerned that fishing pressure has skewed the sex ratio of blue cod 
144 
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stocks towards females. Subsequently, there have been some highly speculative claims made 
about stock fecundity in some areas (Rocco, in Orman, 1993, 1994; Rocco, in Barnes, 1994). 
A better understanding of the reproductive biology of blue cod is therefore needed to clarify 
many blue cod management issues. 
The only histological evidence provided in support of blue cod sex inversion is . a single 
sexually transitional gonad taken from a 159 mm total length fish (Mutch, 1983). Authors 
prior to 1983 make no mention of hermaphroditism in blue cod (Rapson, 1953; Parrott, 1957; 
Heath & Moreland, 1967; Doak, 1972). Furthermore, recent macroscopic investigations 
(Southeast South Island and Southland trawl surveys, M. Francis, pers. comm. 1994; personal 
observations, 1994) have shown that similar numbers of males and females are found in the 
blue phase, a result inconsistent with sexual dichromatic sequential protogynous sex inversion 
theory. 
Within the genus Parapercis, Marshall (1950) found that all Cocos-Keeling specimens of P. 
hexophthalma were males, and that all specimens of the smaller P. polyophthalma were 
females. Of these, one fish (intermediate colour) had both ovarian and testicular tissue in its 
gonad, which suggests these were in fact simply different sex phases of the same species. 
Thus P. hexophthalma and others of the genus were considered protogynous hermaphrodites 
(Marshall, 1950; Smith, 1953). 
In a study of Northland blue cod, Mutch (1983) documented temporally stable haremic social 
groups dominated by a single male defending a territory within which three to five females 
hold and defend smaller sub-territories. Mutch (1983) collected 537 fish from 22 
approximately monthly samples. They were aged by breaking and burning otoliths (see 
Section 2.2.1) and their gonads were examined histologically. Three distinct colour phases 
were identified and a relationship found between colour phase, sex, age and size. The colour 
phases identified were; brown banded juveniles (<116 mm TL, Figure 6.1), blue/grey phase A 
(104 to 336 mm TL, Figure 6.2), and blue/green "shoulder saddled" phase B (185 to 452 mm 
TL, Figure 6.3). Within these, Mutch found that 76% of colour phase A fish were female, and 
that all of phase B fish were male, suggesting that blue cod are sexually dichromatic. 
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Unfortunately, Mutch (1983) is unclear as to the sex of fish below 104 mm TL. Growth was 
also found to be significantly faster for males than females, even in the same colour phase 
(i.e., phase A). Mutch (1983) also showed that Northland blue cod sexually matured at 108 
mm for females and 124 mm (TL) for males. Spawning of Northland blue cod occurred from 
September to December/January. 
From Mutch's (1983) entire sample, only one transitional gonad (0.2%) was taken from a 159 
mm (TL) fish. The gonad showed a combination of atretic previtellogenic oocytes and all 
stages of spermatogenesis, leading Mutch (1983) to classify blue cod as a sequential 
protogynous hermaphrodite. These observations however only provide evidence that blue cod 
are rudimentary hermaphrodite (Sadovy & Shapiro, 1987). Mutch (1983) was concerned about 
the absence of secondary males (i.e., ovarian cavity present; Reinboth, 1962) and felt that 
further work was necessary. 
fu Australia, Stroud (1984) reported on Parapercis protogynous sex inversion in species of the 
Great Barrier Reef. The gonads of 332 individuals, belonging to six species of Parapercis 
were examined. Stroud (1984) defined transitional gonads as those "dominated by the early 
stages of spermatogenesis, but which also contained many oocytes and occasional atretic 
bodies". Transitional gonads were found in P. cylindrica, P. hexophthalma, P. clathrata, P. 
nebulosa, and one unidentified Parapercis species. These were characterised by proliferating 
seminiferous crypts throughout the lamellae and numerous previtellogenic oocytes. Gonads in 
this transitional stage were not functional testes, as only the earliest stages of spermatogenesis 
were ever present (Stroud, 1984). However, these finding were inconsistent with Mutch's 
(1983) findings for blue cod. 
Stroud (1984) described the transition from female to male gonad as follows: "As transition to 
the male phase occurs, the oocytes undergo absorption, the lamellae gradually coalesce, and 
the former ovarian lumen becomes less distinct. Sperm are not released into the lumen but 
collected in a series of sinuses on the periphery of the gonad, which in tum feed ducts in the 
wall of the now redundant oviduct. fu time, the lumen disappears completely so that the only 
clues to the gonad's ovarian origin are in the presence of peripheral sperm sinuses, and to a 
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All but one species were found to be sexually dichromatic (Stroud, 1984). Fifty-two percent of 
P. cylindrica females exhibiting oogenesis had traces of testicular tissue in the form of 
isolated and enclosed seminiferous crypts in the ovarian lamellae. These crypts were also 
found in females of P. clathrata (50%), P. nebulosa (20%), P. hexophthalma (17%), and the 
unknown P. species (14%). No male gonads of the type described by Reinboth (1962, 1968, 
1970) as "primary'' were found (i.e., no ovarian cavity was present indicating that it was born 
as a male). Although different species, the proportion of transitional fish in samples (~ 0.3) 
was also inconsistent with Mutch's (1983) findings for blue cod (0.002). 
Stroud (1984) went on to show that Parapercis species of the Great Barrier Reef also live in 
long-term male dominated harem based social systems. He further demonstrated that removal 
of the terminal phase male induced the dominant female to change both coloration and gonad 
sex within 20 days. 
Histological gonad examinations of the Japanese P. snyderi (n = 324) also reported similar 
findings to Stroud (1984) (Kobayashi et al., 1993a). All gonads were reported to pass through 
the protogynous hermaphroditic process without a primary male stage, although some early 
intersexual gonads were found. However, these early testicular elements in juvenile gonads 
were found to degenerate and oocytes rapidly grow in their place (Kobayashi et al., 1993a). 
Almost all of these intersexual fish changed gonad sex to functional ovaries before their first 
reproduction. 
Toward the end of spawning in P. snyderi, numerous seminal lobules were observed to occur 
in functional and spent ovaries marking the beginning of sex change to secondary males. In 
the secondary testis, the ovarian cavity remained in the early stage, but gradually degenerated 
and began to disappear. Interestingly, no gonad cavity was seen between seminal lobules and 
sperm ducts in the secondary testis (Kobayashi et al., 1993a). Like other Parapercis species, 
dominant male P. snyderi were observed to hold a long-term territory in which three to ten 
females resided (Kobayashi et al., 1993a). 
In a follow-up study, Kobayashi et al. (1993b) investigated the gonad sex-succession in P. 
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spawned (multiparous) or five virgin females (nilliparous), a single secondary male could be 
induced in less than 42 days when kept in confinement. Some evidence was also presented 
that restricting interaction to only visual or olfactory cues could also induce the same results. 
Protandric sex inversion however, could not be induced (Kobayashi et al., 1993b ). 
It seems likely that blue cod, like other Parapercis species, are protogynous hermaphrodites. 
However, previous observations of female blue phase fish imply that they may not be sexually 
dichromatic. The presence of large blue phase females (commonly >400 mm TL) further 
suggests that, like some sparids (Buxton & Garratt, 1990), blue cod may display functional 
gonochorism but are actually rudimentary hermaphrodites (i.e., sex inversion takes place in 
juveniles and adults are functionally either males or females). Mutch's (1983) discovery of a 
single small transitional blue cod also tends to support this theory. However, further 
investigation was needed. 
This study also provided the opportunity to determine both age at sexual maturation, and the 
timing of spawning in South Island blue cod. Macroscopic gonad sexing (see Figures 6.4 & 
6.5) must also be verified for blue cod if this technique is to be used in gathering stock 
assessment data. Only then can any population age and abundance data be reliably interpreted 
in relation to sex. As transitional phase fish needed to be documented histologically, there was 
also the opportunity to make a comparison with macroscopic sexing of the same fish . 
6.2 Methods 
As described in Chapter two, every two months (for over 16 months) about 50 blue cod were 
caught in cod pots around Stewart Island (n = 433, see Section 2.2.1 ). As part of that study, 
fish were macroscopically sexed, measured (total length TL) and weighed to the nearest gram. 
Otoliths were then removed for ageing, and the external colour phase of each fish was 
recorded. From each of these samples, the gonads of about thirty blue cod ( covering the size 
range) were also removed and placed in Bouin's fixative (n = 306). If sex inversion is a 
significant feature of the population, this relatively small sample size was considered adequate 
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The fixed whole gonads were then blotted dry and weighed to ± 0.01 g. They were then 
dehydrated in an ethanol series and embedded in paraffin wax. A middle portion of each 
gonad was selected for sectioning after confirmation that no essential differences existed in 
histological features between the anterior, middle and posterior portions of the gonad. 
Sections were then cut to 4 - 10 µm thick (thicker for large ripe gonads) and stained with 
haematoxylin and eosin. Gonad tissue of each fish was then viewed through a compound 
microscope at 40 and 1 OOx magnification and classified as female, transitional, or male 
(Jones, 1980; Mutch, 1983, Francis & Pankhurst, 1988). 
Histologically prepared gonad tissue was then staged (see Tables 6.1 & 6.2). Although the 
process of gametogenesis is continuous, arbitrary divisions in gamete development were made 
(Yamamoto & Yamazaki, 1961; Smith, 1965; Moe, 1969; Warner, 1975b) using similar 
criteria to Mutch (1983). 
Seasonal changes in mean gonad weight alone can often be confounding, so a gonadosomatic 
index (West, 1990) was developed using gonad weight expressed as a percentage of the total 
body weight for histologically sexed individuals. 
6.3 Results 
6.3.1 General appearance of gonads 
Blue cod gonads were bilobate and situated in the postero-dorsal region of the peritoneal 
cavity. The ovaries and testes were easily distinguished macroscopically in fish over 180 mm 
TL (Figures 6.4 & 6.5). The gonads of young or juvenile fish less than 180 mm TL were 
thread-like in shape and minute, making them difficult to remove and identify positively, even 
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6.3.2 Colour phase at size 
Although similar to the three colour phases used by Mutch (1983), four colour phases were 
recognised in this study. The juvenile phase was most distinctive; consisting of two brown 
bands running the length of the upper half of the body with a white lower half (Figure 6.1 ). 
However, due to the difficulty of catching such fish, this colour phase was uncommon in the 
sample presented here (Figure 6.6). Apart from a basic colour difference, the pattern of phase 
A and B blue cod was similar. The major distinction between A (Figure 6.2) and B (Figure 
6.3) was the "shoulder saddle" across the top of the body of phase B fish. The additional 
colour phase used in this study was the transitional phase, because these fish were-not 
considered either phase A or B, but somewhere in between. 
Phase B blue cod dominated the larger size classes above 320 - 339 mm TL (Figure 6.6). 
Transitional colour phase fish were rare compared with colour phases A and B, but occurred 
at the size of cross over between colour phases A and B (Figure 6.6). Juvenile phase fish were 
rare. 
6.3.3 Colour phase verses sex 
Of the 65 colour phase A fish collected and sexed histologically, 77% (50) were female, 20% 
(13) were male and 3% (2) had transitional gonads. By comparison, of the 155 colour phase B 
fish collected, 37% (58) were female, 52% (81) were male, and 10% (16) were transitional. 
Within the spawning season (see Section 6.3.6), 75% of colour phase A were sexed 
histologically as female, but only 43% of colour phase B were males. However, 16% of colour 
phase B were transitional phase fish. 
Of 16 transitional colour phase fish that were sexed histologically, three were male and the 
rest female. Only two fish were found in the juvenile colour phase, one was a female and the 
other an immature male. The histological data suggests only a weak relationship between sex 










Chapter Six Reproductive Biology Page 151 
6.3 .4 Macroscopic verses histological sexing 
Of the 168 blue cod macroscopically sexed as females, 92% (155) were confirmed 
histologically as female, 5% (9) were male, and 2% ( 4) were transitional. By comparison, 
from the 130 blue cod macroscopically sexed as males, 77% (100) were confirmed 
histologically as male, 4% (6) were female, and 19% (24) were transitional. Over the 
spawning season (see Section 6.3.6), 95% (20) of macroscopic females were confirmed 
histologically as female, and 73% (19) of macroscopic males were correctly sexed. However, 
all incorrectly macroscopically sexed males were transitional. 
From a histological view, transitional gonads were almost exclusively functional testes (see 
Section 6.3 .11) and were macroscopically indistinguishable from male testes. If transitional 
fish are included here as males, then macroscopic sexing of blue cod was 92% accurate for 
females, and 97% accurate for males. Therefore, agreement was good between these two 
sexing techniques as seen when comparing figures 6.7 and 6.8. 
6.3.5 Sex and colour phase at age 
As a conclusion of Chapter two, sectioned otoliths were regarded as an acceptable and 
validated method of ageing blue cod over most of the sample size range, and the age-length 
relationship of both male and females were determined using the von Bertalanffy growth 
model (see Section 2.2.5). Males grew significantly faster than females. In this section, the 
age-frequency distribution of sampled blue cod is presented using macroscopic and 
histological sexing, and external colour phase. 
There was little difference between the age distributions of male and female blue cod (Figures 
6.9 & 6.10). The modal peak for both sexes was about eight years, with few fish over 13 
years. However, one ip.dividual color phase B female was at least 18 years old. The frequency-
age distribution of external colour phases showed that Phase B fish were somewhat older 
(Figure 6.11) and larger (Figure 6.6) than phase A, indicating that colour phase is more related 
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6.3.6 Seasonal variation in gonad weight 
Seasonal variations in the gonadosomatic indices for female, transitional, and male blue cod 
are shown in figure 6.12. For all sexes, gonad weight increased from May to September, with 
weight gain most rapid from May - July for males, and from July - September for females. A 
rapid decline from September - November was well synchronized for all sexes and suggests 
that spawning occurs at this time. Interestingly, transitional gonads (which are functional 
testis) were larger than fully transformed testis (Figure 6.12). 
6.3.7 Histology of gonad structure 
A typical female and male blue cod gonad is shown in figure 6.13 and 6.14 respectively. From 
closer examination of all histological preparations of gonad tissue, the stages of 
gametogenesis were identified and are presented in Tables 6.1 and 6.2. While these stages 
were similar to those used by Mutch (1983), they are not identical. 
6.3.8 Gonad development classes 
Assignment of a developmental gonad class was determined by the predominant gametogenic 
stage seen in the gonad. A detailed description of each developmental class is presented in 
Tables 6.3 and 6.4. Developmental classes used in this study were equivalent to those used by 
Mutch (1983). 
6.3.9 Sex-specific distribution of gonad development over time 
While the approximate time of spawning was identified from the relative gonad weight 
(Figure 6.12), the duration of the spawning season was determined from histological data. 
Figures 6.18 and 6.19 show the seasonal frequency distributions of each gonad development 
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Among female fish sampled, resting class gonads were always present ( except in September) 
predominating from November 1994 and the only class present in ovaries during May (Figure 
6.18). By contrast, in July, resting class fish were uncommon and the vast majority of the 
sample had gonads in the first developing class (A). Development classes A and B persisted 
into the September sample, but at this time ripe fish were the most common. The 
simultaneous appearance of the last three gonad classes in the November 1995 sample 
signalled that spawning had occurred, and the dominance of partially spent gonads in January 
1996 indicated a possible spawning season of at least four months from late spring to mid 
summer. The absence of the last developmental classes in November 1994 and January 1995 
implies that spawning was later in 1995 than in 1994, but this is inconsistent with samples of 
male fish (Figure 6.19) and is most likely an artefact of these small sample sizes. 
Male blue cod had resting gonads in a significant portion of most samples, but these 
predominated over autumn and winter (Figure 6.19). Like females, developing male blue cod 
first occurred in July, but did not predominate until September, one sample later than for 
females (Figure 6.18). Ripe male fish were first observed in the November samples of both 
years; this was four months latter than females in 1995. Only a single male active fish was 
detected in the January 1995 sample and no spent males were ever observed, however, these 
sample sizes were small and no males were taken in the January 1996 sample. As the 
gonadosomatic indices (Figure 6.12) were indicative of spawning for both sexes between 
September and November, it is most likely that male blue cod were spawning by late spring 
and like females continued through to mid summer. 
6.3 .10 Length at first maturity 
For classification of reproductive maturity, a size class was considered mature when gonads 
were observed to be developing and containing several stages of gametogenesis 
simultaneously, or where spermatozoa or vitellogenic oocytes predominated. However, this 
analysis is limited as few females below 260 mm (Figure 6.20) or males below 320 mm TL 
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No female blue cod less than 280 mm TL were considered as reproductively mature, although 
several smaller fish were observed to be "mature resting", and no "immature" female fish 
were observed. All stages of oogenesis were seen at sizes over 280 mm TL indicating that 
complete gonad development had occurred among females by this size. As 29 females were 
sampled below 280 mm TL, it is reasonable to accept this as an estimate the size of female 
reproductive maturity in the blue cod population sampled. 
Only one immature male blue cod was found (195 mm TL), and developing male gonads were 
observed in fish below 260 mm TL (Figure 6.21). However, spermatozoa did not predominate 
in the gonads of any fish below 260mm TL. Advanced stages of spermatogenesis were only 
observed in fish over 280 mm TL indicating that complete gonad development for males had 
occurred by this size. However, as only eight males were sampled below this size, 280 mm TL 
is only a poor estimate the size of male reproductive maturity in the blue cod population 
sampled. 
6.3 .11 Sexual transition 
Two types of testicular structure can be considered separately to demonstrate protogyny: 
persistence of oocytes and follicles (Siau, 1994), or persistence of the ovarian lumen and 
ovarian lamellae in testes (Sadovy & Shapiro, 1987). A central cavity in the testis would be 
assumed to be non-functional and hence an ovarian remnant characteristic of secondary males 
(Reinboth, 1962, 1968; Smith, 1965; Bruce, 1980). No evidence of an ovarian cavity was 
found in any blue cod testes examined in this study. The smallest male blue cod observed was 
immature (Figure 6.21) and too small to have previously matured as a female (Figure 6.20), 
suggesting it was a primary male. 
Histological examination of female gonads showed them to contain large numbers of oocytes, 
often at multiple developmental phases with various atretic oocytes (Figures 6.16 & 6.17). 
These features were simultaneously present which is characteristic of multiple spawning. 
Unlike the female gonads of four Australian Parapercis species (Stroud, 1984) or P. snyderi 
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of spermatic tissue anywhere within the ovaries of blue cod. However, at first observation the 
presence of erythrocytes in many ovaries closely resembled the pattern of spermatic tissue 
invasion described by Stroud (1984) and Kobayashi et al. (1993a) (Figure 6.22). 
Consequently, blood smears were taken from fresh blue cod (Figure 6.23) to positively 
identify these relatively common ovarian features as erythrocytes (Figure 6.22) and not 
spermatic tissue (Figure 6.15). 
Histologically, transitional gonads found in the current study were almost exclusively mature 
testes with all stages of spermatogenesis present, but these also contained previtellogenic 
and/or vitellogenic oocytes. Oocytes were either present within peripheral spermatic tissue 
(Figure 6.24), between lobes of gonad epithelial lining (Figure 6.25), in crypts of sperrnatozoa 
(Figure 6.26), or even floating free in the vas deferens itself (Figure 6.27). Atretic oocytes 
were also common in such gonads (Figure 6.26 & 6.27) . 
Twenty-eight blue cod (8% of the total sample) had transitional gonads, and these fish ranged 
in size from 280 to 455 mm TL (mean 365 ± 8.9) (Figure 6.7) and from 6 to 11 years in age 
(mean 8 ± 0.3) (Figure 6.10). As the gonads of these fish were predominantly testes, 86% of 
them were macroscopically sexed as male, only 14% as female. Externally, 90% were from 
colour phase B, and only 11 % were from colour phase A. Transitional fish also had a relative 
gonad weight intermediate to that of males and females as shown by the gonadosomatic index 
(Figure 6.12). 
Transitional fish were present in all samples except January and May 1995, but were found 
mainly prior to, or during the spawning season (Figure 6.28). Transitional gonads seemed to 
be functional males able to undergo spermatogenesis, 7% were active, but most (71 %) were 
classified as developing gonads. Of the 28 transitional gonads originally identified from a 
mid-section, six (21 %) were described as transitional from a posterior section, and only four 
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6.4 Conclusion 
The current study shows that Southland blue cod spawn from November to January. In 
comparison, Northland blue cod spawn from September through to January. Southland blue 
cod therefore appear to have both a later and shorter spawning season than their Northland 
counterparts. The length of the spawning season and the multiple stages of oogenesis and 
spermatogenesis occurring throughout further support the conclusion that blue cod are 
multiple spawners (Mutch, 1983; Pankhurst & Kime, 1991). The onset of gonad development 
occurs at about the time of winter solstice (July), suggesting that the increasing photoperiod 
may be a trigger. Unfortunately, changes in sea temperature were not recorded. 
The results of the tagging study in Chapter five suggested a possible northwest spawning 
migration for Southland blue cod (see Section 5.4.8). However, gonad samples, taken over a 
relatively small spatial scale (Figure 2.1) along the northeast coast of Stewart Island, showed 
that a significant amount of spawning occurred locally. 
In Southland, complete female gonad development was observed only at sizes over 280 mm 
TL (6 years). By comparison, Mutch (1983) observed mature female blue cod as small as 108 
mm TL (2 years). As few small males were sampled, it was more difficult to determine with 
confidence the length at which reproductive maturity occurs for Southland male blue cod. 
However, the presence of an immature male at 195 mm TL (>3 years) suggests that the length 
at which reproductive maturity occurs for Southland male blue cod is also considerably larger 
than the 124 mm TL (2 years) observed for Northland males (Mutch, 1983). Although 
Southern blue cod mature later and at much larger sizes than their Northland counterparts they 
would still have at least two or three two spawning seasons before reaching the minimal legal 
size (330 mm TL). 
Unlike Mutch's (1983) findings for Northland blue cod, Southland blue cod cannot be 
considered sexually dichromatic. Attempting to sex these fish externally by assuming that 
colour phase A are female and colour phase B are male would produce an erroneous sex ratio. 
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cod gonads was an acceptable sexing technique with accuracies of 92% and 97% for females 
and males respectively. 
The discovery of 28 functional male blue cod with atretic oocytes and follicles is compelling 
evidence that these testes at least were derived from a preceding ovarian stage sometime in the 
animal's life history (Shapiro, 1981a, b, c). However, the traditional definition of protogynous 
hermaphroditism is that "the individual functions first as a female, and later in life as a male" 
(Atz, 1964), the presence of "non-ripe" atretic oocytes and follicles alone (Figure 26.6) is not 
compelling evidence that these functional testes are derived from previously functional 
ovaries. True protogynous or protandrous hermaphrodites must function reproductively as 
both sexes, were as rudimentary hermaphrodites possess an immature inter-sexual gonad but 
mature only as either a male or a female (Buxton & Garratt, 1990). However, in the current 
study transitional gonads also contained functional vitellogenic oocytes (Figures 6.24 & 6.27). 
The presence of vitellogenic oocytes requires the production of estrogens from the ovarian 
follicle, the production of vitellogenin by the liver, and incorporation of vitellogenin into 
oocytes, these are all characteristics of a functional female stage (Nagahama, 1994). In the 
present study, the protogynous hermaphroditic condition observed in blue cod is therefore 
clearly within the definition of Atz (1964). Further more, no immature inter-sexual gonad 
characteristic of rudimentary hermaphrodites (Buxton & Garratt, 1990) was found among 
Southland blue cod. In fact, not only did all transitional gonads come from fish larger than the 
size of female reproductive maturity, but also an immature male gonad contained no ovarian 
tissue. Further evidence that blue cod are protogynous and not simply rudimentary 
hermaphrodites may be inferred from the separation in the size of the sexes, and because 
transitional individuals have a size intermediate of the two sexes (Buxton & Garratt, 1990: 
Figure 6.8). 
It appears that at least some juvenile fish did not go through a functional female phase and 
when sexual maturity occurs, these fish most probably become functional primary males. This 
feature of sex inversion in blue cod helps to explain the wide size range of males in 
Southland. The presence of a primary male at 195 mm TL is compelling evidence that at least 
some male blue cod develop without going through the sex inversion process. The presence of 
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mature females suggests a dual sexual developmental system to reach the mature male state 
(Siau, 1994 ). In their review of the diagnostic criterion of hermaphroditism in fishes, Sadovy 
and Shapiro (1987) point out that one exception that can make the diagnosis of 
hermaphroditism more difficult is the presence of alternate developmental pathways within a 
species. In several protogynous species, males have been observed to develop either directly 
from the juvenile state, or from adult females (Sadovy & Shapiro, 1987). This produces both 
primary and secondary males as described by Reinboth (1970), and such species are known as 
diandric protogynous hermaphrodites (Sadovy & Shapiro, 1987). Blue cod appear to fit these 
criteria. 
According to Smith (1982) the presence of a small percentage of large females and small 
males is quite acceptable for species that appear to be of an "incompletely metagonous type". 
That is, sex change appears to be a continuous process occurring over a wide size range. The 
anomaly of exceptionally large or old females further implies that not all fish undergo sex 
inversion (Dipper & Pullin, 1979). Exceptionally small males are most likely primary males 
that develop directly from immature fish, while the larger males are a mixture of primary 
males and those from mature females that developed through sex inversion (secondary males; 
Moore, 1979; Smith, 1982). 
As in the current study, Mutch (1983) noted the absence of an ovarian cavity in testes of 
secondary males (Reinboth, 1962, 1970). He considered several possible explanations, but 
concluded that blue cod are diandric with the gonad configuration of secondary males being 
similar to that of primary males and thus indistinguishable histologically (Mutch, 1983). 
Studies of other members of the Parapercis genus support this conclusion. For P. cylindrica, 
P. hexophthalma, P. clathrata, P. nebulosa, and one unidentified Parapercis species, Stroud 
(1984) observed that as transformation to the male phase occurs, the former ovarian lumen 
becomes less distinct and in time disappears completely. Kobayashi et al., (1993a) also noted 
that in the secondary testes of P. snyderi, the ovarian cavity gradually degenerates and 
disappears. In light of these studies, and current observations, it is concluded that blue cod and 
other Parapercis secondary males lose their ovarian cavity. This is an important difference 
from the gonad structure in labroids were the presence of an ovarian cavity is frequently used 
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As predominately female transitional gonads of the types described by Stroud (1984) and 
Kobayashi et al. (1993a) have never been observed in blue cod, it is likely that the process of 
sex inversion in this species is rapid, leaving only occasional oocytes in recently transformed 
testis. Furthermore, the size or age at which sex change occurs in blue cod does not appear to 
be fix genetically (Shapiro 1983), but occurs over a wide range of sizes and ages. This 
observation is suggests that sex inversion among blue cod is a response to demographic 
changes and thus condition dependent, but to be truly conclusive would require inducing sex 
inversion in blue cod in much the same way as Kobayashi et al., (1993a) 
The evolution of sex change is usually explained in terms of the size advantage model, where 
larger size is a critical component of matting success (Ghiselin, 1969; Warner 1975a; 
Charnov, 1982). For species that live in haremic social groups dominated by a single male 
defending a territory within which females reside (such as blue cod, See Much, 1983), male 
size is likely to be a major determinant in mating frequency. Because the blue cod fishery is 
managed by a minimum legal size (MLS) males are predominantly selected. This has raised 
some concerns about the potential to skew sex ratios and reduced stock fecundity in areas of 
high fishing pressure such as the Marlborough Sounds (Rocco, in Orman, 1993, 1994; Rocco, 
in Barnes, 1994). However, the removal oflarger fish by size selective fishing pressure seems 
unlikely to cause fecundity problems as sexual succession in blue cod appears relatively 
flexible, with small primary males, a wide size range of transitional fish, and reproductive 
maturity at a size well below MLS. These relatively flexible features of blue cod reproductive 
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6.5 Tables and Figures 
TABLE 6.1. The five stages of spermatogenesis observed. 
1. Spermatogonia: 
2. Primary Spermatocytes: 
3. Secondary Spermatocytes: 
4. Spermatids: 
5. Spermatozoa: 
Largest- 6-12 µm (Figure 6.15a). 
Assumed to arise from primary germ cells. 
Form epithelial layer around connective tissue of crypts. 
Present in testes throughout the year. 
Often form localised clusters of 10-12 cells in reduced crypts. 
3.6-4.5 µm (Figure 6.15b ). 
Basophilic nucleus (haematoxylin). 
Cells in clusters, often associated with stage 1 cells. 
Nuclear material less distinct compared to stage 1. 
2-4 µm(Figure 6.15c). 
Number of cells per crypt increases considerably. 
Strongly basophilic nucleus. 
Cytoplasm disintegrates leaving randomly spaced individual cells 
within an enlarging crypt. 
1 µm (Figure 6.15d). 
Intensely basophilic nucleus. 
0.5 µm diameter (Figure 6. l 5e ). 
Easily discernible by long flagellum. 
Form dense aggregates within crypts and collecting ducts. 
Smallest individually discernible cell type within gonad. 







Chapter Six Reproductive Biology Page 161 
TABLE 6.2. The five stages of oogenesis observed. 
1. Oogonia: 
2. Primary Oocyte: 
3. Previtellogenic oocytes: 
Early stage 3 
Later stage 3: 
4. Vitellogenesis: 
Early stage 4: 
Mid stage 4: 
Late stage 4: 
5. Mature egg: 
6-8 µm diameter. Nucleus over half the diameter (Figure 6.16a). 
Nucleolus discernible and surrounded by chromatin strands. 
Premeiotic cells - cytoplasm lighter than nucleus ( cytoplasm has lower 
affinity for haemotoxylin). Postrneiotic cells - cytoplasm darker than nucleus 
(rearrangement of nuclear material). 
10-100 µm. Nucleus less than half diameter due to increase in cytoplasm. 
Decrease in cytoplasmic affinity to haemotoxylin - grey/purple texture. Early 
oocytes - single/large nucleolus. Later oocytes - nucleolus divides and 
rearranges around nucleus margin. Unicellular follicular epithelium 
distinguishable around larger oocytes (Figure 6.16b). 
Figure 6.16c. 
20-150 µm. Small yolk vesicles (vacuoles) appear in the outer margin of the 
cytoplasm. Vacuoles enlarge to 8 µm as they migrate towards an increasingly 
irregular nuclear margin. Chromatin granules still discernible in the nucleus. 
Nucleoli increase in numbers as cell rounds out. 
100-300 µm. Fully rounded cell, vacuolation prolific. Second membrane 
(Zona radiata) forms around margin of egg, internal to the follicular 
epithelium (granulosa). Zona radiata is a 1-2 µm. wide a cellular structure 
that adopts a striated texture as it thickens. 
Yolk formation begins (Figures 6.16d & 6.17a). 
Yolk first appears as small globules in the less basophilic outer cytoplasm. 
(globules are dark staining). Yolk globules closely associated with, and 
similar in size to vacuoles. 
Yolk globules begin to fill cytoplasm, coalesce and progress towards the 
centre of the oocyte, causing a sharp increase in diameter. The nuclear 
membrane becomes irregular and unclear. Definition and structure of yolk 
globules increases as definition and structure of nucleus decreases. Zona 
radiata continues to thicken (up to 5 µm). Nucleoli scattered within the 
nucleus. 
Oolema ( clear cytoplasmic zone between zona radiata and yolk) becomes 
discernible. This may be part of the zona radiata (Moe, 1969). Granulosa is 
maintained and the outer theca becomes discernible. Coalescing oil droplets 
confined to centre of oocyte (Figure 6.17b ). 
450 µm diameter. Yolk coalesced as a single mass, large oil droplets in the 
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TABLE 6.3. Gonad development classes for male blue cod (Mutch, 1983). 
0. Immature: 
1. Mature Resting: 
2. Developing(A): 
3. Developing (B): 
4. Ripe: 
5. Active: 
6. Partially Spent: 
7. Fully Spent: 
Primary germ cells (spermatogonia) predominate. No evidence of 
spawning activity. 
Spermatogonia, spermatids present, spermatocytes predominate. 
Meiosis. 
All stages present. Crypts filled with mostly secondary 
spermatocytes and spermatids. Some spermatozoa. Meiosis. 
Spermatozoa predominate in crypts and extend into collecting 
ducts. Meiosis localised. Stage 3 and 4 common near periphery of 
crypts. Spermatogonia rare. 
All stages. Primary and secondary spermatocytes and spermatids in 
localised areas. Very few spermatogonia. Little or no meiosis. Spermatozoa 
fill collecting ducts and crypts. 
Mainly sperm. Spermatocytes with some spermatids near periphery 
of the gonad. Primary germ cells rare. 
Localised collapse of lobules. Sperm still abundant throughout the 
gonad. Erythrocytes, fibrocytes and blood cells invade tissue. 
Complete lobule collapse. Sperm present but in residual amounts. 
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TABLE 6.4. Gonad development classes for female blue cod (Mutch, 1983). 
0. Immature: 
1. Mature Resting: 
2. Developing(A): 
3. Developing (B): 
4. Ripe: 
5. Active: 
6. Partially Spent: 
7. Fully Spent: 
Ovary small with tightly packed lamellae. Oogonia and primary 
oocytes present with the former predominant. No evidence of prior 
spawning activity. 
Oogonia and primary oocytes only. The latter stage predominates. 
Ovaries larger than immature class. Atretic bodies may or may not 
be present. 
Oogonia, primary oocytes abundant. Previtellogenic vacuolated 
oocytes predominate. 
Oogonia, primary oocytes present. Ovary still expanding. 
Previtellogenic oocytes abundant. Vitellogenic oocytes are the 
dominant stage. 
All stages present, however, oogonia and primary oocytes are rare. 
Fully mature eggs present and ready for ovulation. Vitellogenic and 
vacuolated oocytes common, the former contributing the greatest 
bulk of the now fully extended gonad. At maximum pre-spawning 
diameter, although some spawning may have occurred, indicated 
by the presence of evacuated follicles. 
Late stage vitellogenic oocytes predominate with vitellogenesis 
being the major cytological activity within the gonad. Primary and 
secondary stage oocytes rare. 
Few mature eggs, oogonia or primary oocytes. Stages 3 and 4 
predominate. Evacuated follicles present and some reabsorption of 
unspawned eggs evident. Muscular tunica of gonad loose. Gonad 
diameter greatly reduced. Lamellae integrity disrupted and quite 
difficult to define. Yolk globules scattered about the matrix. 
Fibrocyte, erythrocyte and blood cell invasion. Atretic body 
formation. 
Continued reabsorption ofunovulated eggs. Stages 3 and 4 still 
predominate. Other stages are present but uncommon. Ovary 
further reduced. 
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FIGURE 6.1. Juvenile blue cod colour phase. 
f 
,,. 
FIGURE 6.2. Colour phase A blue cod. 
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FIGURE 6.13: Histologically prepared blue cod ovary (x 20). 
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FIGURE 6.15. Blue cod testis (x 40). a= spermatogonia, b = primary spennatocytes, c = secondary 
spennatocytes, d = spennatids, e = spennatozoa. 
FIGURE 6.16. Blue cod ovaries (x 100). a = oogonia, b = primary oocyte, c = previtellogenic oocyte, 
d = early vitellogenic oocyte. 
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FIGURE 6.17. Blue cod ovaries (x 40). a = late vitellogenic oocyte, b = maturing egg. 
FIGURE 6.18. Frequency distribution of female blue cod gonad developmental classes at each sample 
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FIGURE 6.21. Frequency distribution of gonad development classes by size for all male blue cod 
sampled (n=l08). 
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FIGURE 6.22. Erythrocytes in ovaries (x 100). 
) 
'f 
FIGURE 6.23. Erythrocytes in blood smear (x 100). 
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FIGURE 6.25. Vitellogenic oocyte between lobes of testis (a), and atretic oocytes in crypts (b) (x 100). 
t 
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FIGURE 6.26. Pre vitellogenic oocyte in crypts of spermatoroa (x 40). 
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Chapter Seven 
General Discussion 
In the South Island of New Zealand, blue cod supports a major inshore domestic fishery (Warren et 
al., 1997). The South and Chatham Islands alone accounted for 98% of the national commercial 
fishery in 1998/99 (2220 t, Annala et al., 2000), with an approximate landed value of $NZ 4.6 
million. The annual recreational catch of blue cod is estimated to be a further 706 t, with the South 
Island also accounting for 75% of these landings (Bradford, 1998). Approximately 2705 t of blue 
cod, or about 3.6 million animals1, are therefore removed from South Island waters each year, with 
this amount likely to increase as catches follow an upward trend (Annala et al., 2000). 
In spite this level of exploitation, the biology of blue cod has not been well understood, and aspects 
such as age and growth, reproductive biology, early life history, movement, social structure and 
behaviour have been unclear or unknown. At the start of this study, I set out to resolve many of 
these issues so that the biology of blue cod could be better understood and used more effectively 
in making sensible management discussions. It was the goal of this study to validate several stock 
assessment methodologies, and then use them to collect new blue cod population data. 
In the course of this study, I have been able to investigate age and growth, movement, and 
reproductive biology. In addition, I was also able to make a rough estimate of stock size and 
recreational fishing mortality (Carbines, 1999a; see Appendix 7.2). These studies have been 
focused mainly on aspects of blue cod biology that are fundamental to fisheries management, as 
recent annual landings of blue cod have increased to record levels (Nixon, 1995; Annala et al. 
2000). Previously, there has been insufficient information to assess the effect of increasing 
catches on fish stocks or to allow the development of management strategies that would ensure 
sustainability. This study therefore provides information on the biology and population dynamics 
of blue cod that can be used to improve stock assessment and management regimes and thus help 
to ensure the sustainability of South Island blue cod. 
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Previous age-length relationships derived for blue cod in Northland, the Marlborough Sounds and 
Southland have shown they grow fastest and reach larger sizes with increasing latitude (Rapson 
1956, Mutch 1983, Carter 1992). However, the different aging methodologies used in those 
studies were not fully validated, which must be done before age-length keys are used as input for 
population dynamic models (Beamish & McFarlane, 1983, Annala et al. 2000). In this study, I 
compared and validated various aging techniques for blue cod in Southland. Indirect measures of 
opaque band formation in Southland blue cod otoliths using marginal increment analysis and 
mean proportion of opaque bands at the otolith margin indicated that a single annual opaque band 
formed over winter (June-July). For a direct measure of opaque (dark) band formation, 
oxytetracycline (OTC) marking was used. Of 723 blue cod tagged around Stewart Island, 16 
carcasses were recovered with useable OTC marks in their otoliths. While their times at liberty 
ranged from only 0.13 to 1.15 years, counts of opaque bands were able to predict the location of 
OTC marks with little variation. The use of otoliths as an accurate method of ageing blue cod was 
therefore supported by this study and concurred with the preliminary findings of Carter (1992) for 
Northland blue cod. However, I remain hopeful that I will recover further OTC marked blue cod 
to allow more rigorous validations from multiple years at liberty (Carbines, In Press). 
Separate readings of the same sectioned otoliths showed little difference in interpretation, 
however alternative aging methods (scales, otolith lengths and weights, whole otoliths, broken 
and burnt otoliths) had poor relationships with sectioned otolith readings and consistently 
underestimated age. These results warn that previous blue cod growth studies must be treated with 
caution (Rapson 1956, Mutch 1983, Carter 1992). Among methods that can be used without 
sacrificing fish, fin spines showed potential as an aging technique for blue cod, but fin rays should 
be treated with some caution, as they were also prone to underestimate age. Although samples 
were small, results from the OTC marking study show that fin spines are potentially a useful 
structure for aging blue cod as they are clearer than sectioned otoliths, and have the advantage of 
not sacrificing fish. More work is encouraged in this area. 
Spatial variation in the growth rate of a species can have implications for the geographical scale at 
which population dynamic models can be applied, and management regimes subsequently 
implemented. In this study, I therefore compared the growth of blue cod over various 
geographical scales within the Marlborough Sounds. The two major sounds, Queen Charlotte and 
Pelorus, were each sampled for blue cod using a hierarchical design. Sites were randomly selected 
within four fishing areas in each of eight strata in both 1995 and 1996. During these surveys 
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Sound (n=2051) and used to determine and compare length at age growth models at a range of 
spatial scales. Length frequency distributions of the total numbers of blue cod caught were also 
compared among strata (n=4006). 
Within each sound, van Bertalanfffy growth curves were developed at three spatial scales (sites (1 
km2), areas (2-5 km2), and strata (10-20 km2)). These were then compared using Kimura's (1980) 
likelihood method. Only a single comparison was possible at the smallest spatial scale, and it 
showed no significant growth differences for male blue cod among sites. At the next spatial scale, 
comparisons of growth were possible among areas within five strata for males, and within three 
strata for females. Female blue cod showed no detectable differences in growth among areas or 
strata within either Pelorus or Queen Charlotte Sounds. In contrast, the growth of males differed 
among strata within both Sounds, and possibly differed among some areas within the Extreme 
Outer and Outer Pelorus Sound strata. A gradient was also apparent, with male blue cod growing 
fastest in the Extreme Outer strata of both Pelorus and Queen Charlotte Sounds. 
Comparisons of equivalent strata between Pelorus and Queen Charlotte Sounds showed similar 
growth of males in Outer strata, but significantly faster male growth in the Extreme Outer Queen 
Charlotte Sound than in the Extreme Outer Pelorus Sound. While female growth showed 
statistically significant differences between both equivalent pairs of strata, these differences were 
small and probably not biologically important. 
The current study has shown that blue cod growth often differs among strata (see Figure 3.1), and it 
is unlikely that such differences are simply an artefact of fishing pressure (e.g., Buxton, 1993). 
Differences in growth are more likely to be the result of differences in condition brought about by 
variations in the quality of habitat and/or food source (Holbrook et al., 1990; Carbines et al., In 
Press). Tagging studies of blue cod have also concluded that the Marlborough Sounds supports a 
separate stock and that interactions among the strata of the current study are likely to be less than 4% 
over 2.25 years (Mace & Johnston, 1983). Given the current study has concluded that blue cod 
growth differs among these strata, it is further concluded that stock assessment and management of 
this species should be done at a smaller spatial scale than the Quota Management Areas (QMA) 
currently used (see Figure 1.1). As the Marlborough Sounds are a special case (Annala et al., 2000), 
and in many ways are currently managed as a separate area to their QMA (BCO 7), it is tempting to 
suggest that the extreme outer sounds be managed separately from the other strata. However, this 
option is not supported by the current study, which has demonstrated biologically significant 
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Sounds. Instead, this study recommends that the Marlborough Sounds be treated as four fish 
stocks. The Inner, Mid, and Outer Queen Charlotte Sound should be treated as one stock, and the 
Inner, Mid, and Outer Pelorus Sounds treated as another. The extreme outer areas of each Sound 
should also then be treated as two separate stocks. While this regime may be untenable from a 
fisheries enforcement viewpoint, it should at least be considered for the purpose of stock 
assessment. While these results are specific to the Marlborough Sounds, and will need to be 
repeated in other regions, they do suggest that the true stock size of blue cod populations may be as 
small as 10-20 km2. 
Previous tagging studies, done to assess the movement patterns of blue cod within the 
Marlborough Sounds (Rapson 1956, Mace & Johnston 1983; Cole et al., 2000), also raised 
concerns about the large geographical scale at which blue cod are managed within the QMAs of 
the Quota Management System (QMS). Those studies suggested that blue cod have only limited 
movement among sub-areas of the current QMAs, which may explains why in some areas over-
fishing appears to lead to localized depletion without notably reducing the overall QMA catches 
(Warren et al. 1997). If blue cod movement in other areas are also small, it may therefore be 
inappropriate for blue cod there to be managed as a single stock within the present large QMAs 
(Warren et al. 1997). 
Prior to this study, movement patterns of blue cod in the most exploited QMA (BCO 5: 1470 t) 
were unknown, and it had not been established if this stock could be regarded as a single 
population. Compounding the situation was that an average of 52% of the total BCO 5 catch came 
from a single sub-area (Foveaux Strait; area 025). To put it another way, over one quarter of all 
blue cod caught in the South Island were coming from an area of water about the size of Stewart 
Island (Figure 5.1). Concerned about the potential for localized depletion, I sought to quantify 
movements of blue cod in area 025 within the Southland QMA- BCO 5. 
After conducting tagging feasibility experiments, the best tagging method was found to be t-tags 
inserted in a ventral position through the base of the pelvic fin. With this method the estimated tag 
retention rate was 88% over two years and the return rate was 5.9%. T-tags were also chosen 
because they are relatively cheap and easy to use, have low equipment maintenance, have the best 
recognition by fishers, and carried an individual identification number and return address. 
During January-March 1998, 9368 blue cod were t-tagged within ·area 025. The tagging 
programme used a balanced stratified series of replicated sites within three latitudinal and three 
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longitudinal strata spread throughout area 025. So that tagged fish could be associated with 
particular habitats, three different bottom types were also identified throughout most sites (sand 
flats, biogenic reefs, and rocky reef fringe). The larger numbers of small fish caught on sand flats 
and biogenic reefs suggested that these habitats maybe important to recruitment. Catch-per-unit-
effort (CPUE) calculations also indicated that blue cod abundance might differ among these types 
of bottom habitat (also see Carbines et al., In Press). 
After 20 months, 743 blue cod had been returned (7.9%) from all sites and all bottom habitat 
types. The largest distance moved was 156 km, however the median was only 800 m, with 60% of 
fish moving less than 1 km. It therefore appears that populations of blue cod in Foveaux Strait are 
stable on a medium-term time scale. No relationship between fish size and distance moved was 
evident; further more the habitats that blue cod were released into had no effect on the distance 
moved. However, spatial location was an important determinant of distance travelled. Significant 
interactions between latitudinal and longitudinal release strata further showed that factors 
influencing distance travelled were more complex than simply the latitudinal or longitudinal 
location alone. While most blue cod did not move far, those that did showed a strong trend toward 
north-west counter-current movements. Mixing rate calculations further indicated higher levels of 
emigration to the west and immigration from the east of area 025. An increased proportion of blue 
cod moving significant distances in the spring of both 1998 and 1999 further suggests a seasonal 
migration possibly associated with spawning. 
Other Parapercis species remain very much localized (Stroud 1984, Kobayashi et al. 1993a), but 
the concept of southern blue cod undertaking seasonal spawning migrations is not new (Graham 
1939a, Rapson 1956, Robertson 1973, Warren et al. 1997). However, the idea of spawning 
migrations has been dismissed for populations in the Marlborough Sounds (Rapson 1956, Mace & 
Johnston 1983). As Southland and Otago waters are mainly open coasts, they are subject to the 
influence of the Tasman and Southland Currents (Houtman 1966, Heath 1972, Heath 1981). In 
Foveaux Strait these currents join to flow from west to east, and counter-current seasonal 
movements of blue cod may play crucial roles in the larval recruitment process by countering the 
effects of displacement in the direction of the currents transporting pelagic eggs and larvae 
(Harden & Jones, 1968; Booth, 1997). However, a dedicated study of Foveaux Strait 
ichthyoplankton would be required to highlight the potential importance of population dynamics 
in the planktonic, settlement and recruitment life phases. Several studies have shown the effects of 
properties of the pelagic environment acting on the distribution of ichthyoplankton can continue 
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& Zerba, 1981; Doherty, 1983; Victor, 1983, 1986; Kingsford & Choat, 1986; Kingsford, 1988; 
Kingsford et al., 1991 ). In fact, for some temperate species the rate of settlement in an area can be 
predicted relatively accurately from the abundance of planktonic larvae (review by Sale et al, 
1985). For example, large-scale spatial variations in recruitment levels of the temperate wrasse 
Semicossyphus pulcher are consistent with large-scale variations in ocean currents off the coast of 
California (Cowen, 1985). However, other mechanisms may be involved in planktonic stock 
retention in Foveaux Strait, such as eddies which may trap larvae in the lee of islands and shallow 
reefs and retain them long enough to settle. Several studies have highlighted the importance of 
local eddies in maintaining stock densities (Cowen, 1985; Chiswell & Roemmich, 1998; Chiswell 
& Booth, 1999), although few have had the opportunity to view ichthoplanktonic distribution and 
abundance patterns in terms of detailed observations of localised oceanographic events (Sale et 
al., 1985). 
The management implications of a blue cod counter-current spawning migration are uncertain as 
they depend on whether or not post-spawning fish migrate back to their pre-spawning areas. This 
scenario is supported by the fall in mean distance travelled following the spring of both years. If 
this is the case, there is little need for concern as there is only limited fishing effort in spring. 
However, it also possible that there is only a consistent westward movement, with recruitment in 
the east and fish size increasing toward the west. If this is the case, the implications may be two-
fold. First, it will be important to ensure recruitment is not threatened but the destruction of 
habitats important to blue cod recruitment in the east of Foveaux Strait (Connell & Jones, 1991; 
Cranfield et al., 1999, 2001; Jiang & Carbines, 2002; Carbines et al., In Press). Second, it will 
also be important to ensure there are sufficient numbers of spawning blue cod in the west of 
Foveaux Strait. 
To determine the extent and nature of this behaviour in blue cod, some form of continuous 
tracking of individual fish would be needed. Future standard type tagging studies done in other 
BCO 5 return areas less affected by current than area 025 would also further clarify matters as 
blue cod in those areas would be expected to show fewer and less directional movements. 
Mixing rate calculations showed that blue cod in area 025 mixed moderately with neighbouring 
domestic return areas (up to 14.7%). However, mixing was considerably higher between adjacent 
sub-areas within area 025 (up to 44.1 %). These results suggest that blue cod stocks are relatively 
stable at the scale of return areas (see Figure 5.1). Overall, these observations suggest that blue 
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moderate stock interactions. Given that area 025 alone accounts for 52% of the total BCO 5 
commercial landings, and is seems unlikely that it will receive any significant immigration from 
neighbouring return areas, there is clearly potential for local depletion if this level of extraction is, 
or becomes, unsustainable. Based on the results of this study, it would therefore be sensible to 
manage the blue cod fishery by subdividing the QMA quota into separate quota allocations for 
return areas. This management strategy has recently been applied to paua (Haliotis iris) stocks in 
Southland (PAU 5) to alleviate a disproportionately high fishing pressure around Stewart Island 
(Elvy, et al., 1997a). In such a management regime each sub-area quota will evolve a value based 
on market forces, presumably quota value will decrease in price with increased distance from 
major landing ports. However, other factors such as stock size/catch rates, accessibility, and 
quality of fish will have the potential to effect quota values. 
The recurring conclusion of this study is the need to manage blue cod on smaller spatial scales 
than is done currently. The results presented here indicate that blue cod is a species more suited to 
local scale management than the national approach that has been pervasive in New Zealand 
fisheries management since the introduction of the Quota Management System (see Annala et al., 
2000). Such local management strategies as Taiapure (Ministry of Agriculture & Fisheries, 1993), 
Mataitai (Ministry of Agriculture & Fisheries, 1993; Ministry of Fisheries, 1998) and marine 
reserves (Department of Conservation, 2000) are likely to benefit blue cod, but only if the areas 
they cover are large enough to ensure that they encompass resident populations. While the 
required size of such areas may vary between locations, the optimal area would be at least 2 km2 
in Foveaux Strait. 
The Paterson Inlet Management Plan (Stewart Island) (Elvy, et al., 1997b) covers 96 km2 and 
would be a good example of a more appropriate scale for the management of southern blue cod. 
Observations of blue cod size (Davidson, 1995) and movements (Cole et al., 2000) both in and 
outside of the Long Island-Kokomohua Marine Reserve (6 km2) in the Marlborough Sounds also 
suggest that an area of this size can be effective at holding a resident population. As long as 
Taiapure, Mataitai, marine reserves, or any future small scale management area is large enough to 
maintain a resident population, then both this and other studies (Rapson, 1956; Mace & Johnston, 
1983; Davidson, 1995; Cole et al., 2000) suggest they may well be effective management tools to 
enhance blue cod populations within them. However, more research on the impacts that these 
areas have on localized blue cod populations in several regions would be helpful in confirming the 
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Previously, there has been only limited information about sexual maturation and the size at sexual 
maturity of blue cod. Whether blue cod change sex was also unknown and only a single 
transitional gonad had been described (Mutch 1983). The ability to sex blue cod macroscopically 
also required validation. The reproductive stages of Southland blue cod were described 
histologically, and compared with macroscopic gonad observations and external colour phases for 
sexing. However, in contrast to Mutch's (1983) observations, Southland blue cod cannot be 
considered sexually dichromatic as attempting to sex these fish by external colour phase would 
produce an erroneous sex ratio heavily biased toward males. In contrast, internal macroscopic 
sexing of blue cod was an acceptable technique with accuracies of 92.3% and 96.6% for females 
and males respectively. 
The discovery of 28 functional male blue cod with oocytes and atretic follicles was compelling 
evidence that these testes at least were derived from a preceding ovarian stage (Shapiro, 1981a, b, c). 
However, males also appear to develop either directly from the juvenile state, or from adult 
females, producing both primary and secondary males. Such species are known as diandric 
protogynous hermaphrodites (Reinboth, 1970). 
For other species of Parapercis, it has been demonstrated that the removal of terminal phase 
males will induce the dominant female to change sex (Stroud 1984, Kobayashi et al 1993a). In 
order to examine if social cues cause blue cod to change sex, some form of underwater based 
study will be required. The approach would involve manipulations of either field (Jones 1980, 
Stroud 1984, Kobayashi et al 1993a) or laboratory (Kobayashi et al 1993b) populations of blue 
cod. However, as blue cod are not sexually dichromatic, fish would first have to be captured for a 
biopsy to determine sex. It would also be possible to remove a fin ray for aging and sonic tagging 
at the same time. Observations could then be made by divers or by underwater data loggers 
(Thorstad et al., 2000). Once determined, dominant males could then be removed and the 
population monitored and latter caught for further biopsies. 
As a rule, male blue cod are predominantly taken by the blue cod fishery because it is managed by 
a MLS. This has the potential to cause a reduction in stock fecundity (Reinboth, 1980; Huntsman 
& Schaaf, 1994) and it has raised public concerns in the popular literature (Orman, 1993). 
However, such concerns are unfounded as the MLS is unlikely to cause fecundity problems since 
sexual succession in blue cod appears to be relatively flexible with the presence of small primary 
males, the wide size range of transitional fish, and the low size at sexual maturity of males. This 
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compensation for the effects of fishing pressure on sex ratios. However, the effect of sex change 
on future blue cod population modelling (e.g., yield-per-recruit models) has yet to be determined 
(e.g., Buxton, 1992). 
Observations of gonad development showed that blue cod in Southland have both a later and shorter 
spawning season than their Northland (Mutch, 1983), Marlborough (Blackwell, 1997, 1998) and 
Otago (Graham, 1939a; Robertson, 1973) counterparts. Spawning for both male and female 
Southland blue cod begins in October and continues through to January. It was also apparent that the 
further south blue cod are found, the faster they grow and the larger they are at the onset of sexual 
maturity (Mutch, 1983, Blackwell, 1997). 
Given that blue cod biology varies among locations, it is vital that basic stock assessment data 
(length-at-age relationships, size frequency distribution, sex ratios, etc) be collected at least at a 
return area scale within current QMAs. The results of this study imply that it may be dangerous to 
assume that what is observed for blue cod at one location will be true at another. Recently, 
stratified potting surveys have proved to be an excellent method of collecting basic stock 
assessment data at the return area scale (Blackwell, 1997; 1998; Beentjes & Carbines, 2003; 
Carbines & Beentjes, 2003). 
Additional work was carried out during this study to determine the survival rate of takable-sized 
blue cod after being captured and returned to the sea by amateur fishers using two sizes of hooks 
(6/0 and 1/0) and handling techniques (Carbines, 1999a; see Appendix 8.1). This was done in 
response to a management decision to reduce the takable size of blue cod based solely on 
anecdotal information about high levels of amateur catch-and-release mortality in the 
Marlborough Sounds (e.g., Orman, 1994). However, no mortality of blue cod occurred with the 
larger 6/0 hooks, but fish caught using smaller 1/0 hooks suffered 25% mortality in the 
experiment. The type of handling used also had no detectable effect on survival. These findings 
challenged the logic and simplicity of the decision to reduce the takable size of blue cod and 
suggested that fisheries managers need to look beyond the traditional methods of management and 
consider the merits of education. It also reinforces the importance of managing fisheries based on 
scientifically gathered information rather than political expediency. 
Good estimates of abundance are hard to make, yet essential for a complete analysis of population 
dynamics. To estimate population density or numbers reliability it is necessary to sample all 
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only method of stock assessment for blue cod at the QMA scale is through CPUE analysis of 
commercial catch data (Warren et al., 1997). For relatively sedentary species such as blue cod, 
this type of information may not give a true measure of abundance. Fishers can move to new 
fishing grounds within a QMA to maintain their catch rates and thus not reduce the CPUE for the 
whole QMA. The usual trawl survey methods of stock assessment are not appropriate for blue 
cod, as these fish usually inhabit reefs and foul ground. Acoustic methods are also unsuitable as 
they rely on a swim bladder to determine target strength (MacLennan & Simmonds, 1992) and 
blue cod have no significant swim bladder and live on the seabed. Other methods such as potting 
(e.g., Blackwell 1997; 1998; Cole, 1999; Beentjes & Carbines, 2003; Carbines & Beentjes, 2003), 
line fishing (Douglas et al., 1982; McClary, in prep), or baited video (Willis et al., 2000) can give 
only relative estimates of abundance. While direct observations may be possible through diver 
transects (e.g., Russell, 1977; Leum & Choat, 1980; Jones, 1984c, 1990; Choat et al., 1987, 1988; 
Cole et al., submitted), they are likely to be prohibitively expensive over a large spatial scale. The 
use of diver counts is also limited by environmental factors in areas such as Foveaux Strait (i.e., 
strong current and depth), and drift underwater video (DUV) have recently been developed as a 
viable alternative (Carbines & Cole submitted). They have other potential advantages over diver 
transects, such as stealth from silent and fast running (>0.7 m/sec), laser scaling. potentially larger 
transects, a permanent video record with live GPS positioning and laser scaling, reduced sample 
time and personnel numbers, and increased safety. Direct comparisons with diver transects are 
planned to test DUV as a fish counting technique in <liveable areas 
Mark-recapture methods are a common method used in fisheries to estimate stock size (see 
Appendix 7 .1 ), and I did consider using data collected in Chapter five to estimate the number of 
blue cod in fishing return area 025. Because tagged fish are usually only seen twice: once at 
tagging and again at recapture, most fisheries population estimates are restricted to the simplest 
model, the Lincoln-Petersen method (Pollock et al., 1990). However, this model has five strict 
assumptions (listed in Appendix 7 .1 ), and because it assumes the population is closed its 
application is usually restricted to lakes (e.g., Isely & Tomasso, 1998; Schwarz & Taylor, 1998). 
However, this method has been used successfully to estimate the population size of marine 
species (e.g., McKenzie & Davies, 1996) as failure to meet any of the required assumptions does 
not necessarily invalidate the use of this method if it is possible to estimate the bias due to failure 
of any of the underlying assumptions (Davies et al., 1999). However, this was not possible in the 
current study due mainly to unknown levels immigration into area 025, and apparent under 
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Future estimates of blue cod QMA stock size may be possible from mark-recapture methods, but 
they will need to overcome biases due from the above failures of the underlying assumptions of 
the model. Mark-recapture techniques will also need to be compared with another method 
simultaneously to be validated for estimating the abundance of blue cod (e.g., Zeldis, 1998). 
Initially, I had intended to complement this study with underwater observations such as those 
made by Mutch (1983), Stroud (1984), and Kobayashi et al. (1993a) . However, the harsh 
Southern coastline and weather conditions and lack of Departmental funding proved to be too 
much of an obstacle and those studies were abandoned. Unfortunately, this made it impossible to 
study social structure and behaviour of southern blue cod. Furthermore, difficulties in capturing 
both planktonic and newly recruited blue cod made it imposable to study early life history. Recent 
studies have further shown that habitats such as biogenic reefs are vulnerable to destruction from 
bottom fishing such as oyster dredges (Cranfield et al., 1999). The current study has inferred these 
habitats may be important to the recruitment of blue cod. It is therefore vital to investigate and 
determined the significance of bottom habitat types to the early life phases of blue cod as such 
areas may need to be protected (Cranfield et al., 2001; Jiang & Carbines, 2002; Carbines et al., In 
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Appendix 7.1 
Using mark-recapture methods to estimate population size. 
Marking and tagging is often and integral part of abundance estimates. The simplest model to use 
the "mark-recapture" method is attributed to Petersen (1896). The method relies on the capture of 
a sample, which is then marked and released. At a later time a second sample is taken and the 
number of recaptures recorded. It is assumed that the proportion of fish that are marked in the 
second ·sample is representative of the proportion that is marked in the whole population. This 
idea can be express mathematically as follows. 
Where: 
Equation 1 
N= estimate of population size 
n1 = number of tagged animals in first sample 
n2 = number of animals examined for tags in second sample 
m2 = number of tagged animals observed in second sample 
Using this relationship, it is possible to complete the simplest form of a mark - recapture 
experiment. (Pollock et al. 1990). Since n1 , n2, and m2 are known, f.r can be estimated as follows: 
Equation 2 
All mark-recapture methods rest on this basic idea, although most require that animals be tagged 
and then caught on several occasions (Pollock et al. 1990). In fisheries applications however, 
multiple observations of the same-tagged animal are usually not possible. Typically, tagged fish 
are only seen twice: once at tagging; the second time they are usually dead. Consequently, 
methods are usually restricted to the single mark-release experiment (Pollock et al. 1990). 
Equation 2 above is the most basic mark-recapture method. This is usually referred to as the 
Petersen Index, but equation three is a modified version with less bias called the Lincoln-Petersen 
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Equation 3 
The variance estimate for the Lincoln-Peterson estimate is given in equation four below (Davies et 
al., 1999) 
varN= (n1 +l)(n2 +l)(n1 -m2)(n2 -m2) _l 
(m2 + 1)
2 (m2 + 2) 
Equation 4 
The Lincoln-Peterson method has the following five fundamental assumptions (Pollock et al. 
1990; Davies et al., 1999): 
1. The population 1s closed to additions (births or immigrants) and deletions ( deaths or 
emigrants). 
2. Tags are not lost from the population ( e.g. dropout or mortality). 
3. Tags are not overlooked in the second sample. 
4. Tagging does not affect catchability. 
5. At least one of the two samples from the population is a random sample. 
Estimates of population size made using equation 2 or 3 may be biased if any of the above 
assumptions are not met. The degree of bias on the population estimator N is proportional to 
degree each of the five underlying assumptions are violated. Failure to meet any of the required 
~ 
assumptions does not necessarily invalidate the use of the estimate. It is possible to adjust N for 
bias due to failure of any of the underlying assumptions if the assumption "error" itself can be 
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Large Hooks Reduce Catch-and-Release 
Mortality of Blue Cod Parapercis colias in the 
Marlborough Sounds of New Zealand 
G. D. CARBINES* 
National Institute of Water and Atmospheric Research Ltd., 
Post Office Box 6414, Dunedin, New :lealand 
Abstract.-An experiment was conducted in early summer 1995 to determine the survival rate 
of sublegal-size ( <33 cm total length) blue cod Parapercis colias after being captured and returned 
to the sea by amateur fishers using two types of hooks (6/0 and 1/0). At the same time, commercial 
cod pots captured blue cod for use as a control group. As fish were caught, they were subjected 
to either good or poor handling techniques and then placed into holding pots built specifically for 
the experiment. These were lowered to the sea floor and sequentially monitored during daylight 
hours for 2 weeks. No mortality of blue cod occurred with the 6/0 hooks, but fish caught using 
1/0 hooks suffered 25% mortality by the end of the experiment. No control fish died during the 
experiment, and the type of handling technique used had no detectable effect on blue cod survival. 
The fact that all mortality occurred within 26 h, combined with observations of fish behavior, 
suggests that mortality was induced by blood loss rather than disease. The location of the hook 
wound was related to hook size, small hooks lodging in the gut or gill usually proved fatal. These 
findings suggest that the mortality of released blue cod would be minimized if fishers used larger 
rather than small hooks. The management o( blue cod by size limit regulation is discussed in 
relation to these findings. 
Blue cod Parapercis colias is a bottom-dwelling 
sandperch (Pinguipedidae) endemic to New Zea-
land and is the species most often taken by rec-
reational fishers in the Marlborough Sounds (Fig-
ure 1; Blackwell 1997; Teirney et al. 1997). In 
recent years fishers have reported a reduction in 
the size of blue cod caught and an increase in the 
effort required to catch them (Marlborough Sounds 
Blue Cod Working Group, personal communica-
tion). A stressed fishery combined with a minimum 
legal size of 33 cm total length (TL) meant that 
for every legal-size fish captured and kept an in-
creasing number of small fish would be captured. 
This factor, combined with the popular belief 
among recreational fishers that undersized blue 
cod returned to the sea have a high mortality rate 
(Orman 1994; Ward 1994), resulted in a reduction 
of the minimum legal size in the Marlborough 
Sounds to 28 cm TL in 1994. However, at that 
time there were no estimates of the mortality in-
duced by amateur fishing, handling, and return of 
undersized blue cod, and the size limit reduction 
angered some recreational fishers (Anonymous 
1994a, 1994b; O'Connor 1994). 
There have been several studies on the biology 
of blue cod (Rapson 1956; Mace and Johnston 
* E-mail: carbines@storm.niwa.cri.nz 
Received September 2, 1997; accepted May 20, 1999 
1983; Mutch 1983; Pankhurst and Conroy 1987; 
Pankhurst and Kime 1991) because it is an excel-
lent food fish and supports a major fishery (Warren 
et al. 1997). However, only limited anecdotal in-
formation exists on the impact of any fishing meth-
od for this species and there have been no studies 
of the level of mortality induced by amateur line 
fishing (angling). 
In a study of the effect of marine reserves on 
blue cod populations, Davidson (1995) used barb-
less size 2/0 hooks to capture and release blue cod 
in the Marlborough Sounds. He found mortality to 
be low (<3%) among fish held in a recirculating 
seawater tank for up to 3 h after capture. Similar 
results where obtained in an equivalent study on 
Stewart Island (Figure 1; author's personal obser-
vations 1995). Tank observations suggested that 
fish hooked in the gills often bled profusely, and 
then remained docile on the bottom of the tank. 
These fish usually lost color, remaining a pale gray 
during their time in the tank or until they died (R. 
Davidson, Department of Conservation, personal 
communication). 
The survival of Southland (Figure 1) blue cod 
caught in commercial cod pots was investigated 
by commercial fishers prior to changes in cod-pot 
escapement-gap regulations. This work showed 
that once caught, blue cod could be left in air for 
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FIGURE 1.-Map of New Zealand showing the Marl-
borough Sounds, Southland, and Stewart Island. The in-
sert shows the location of the study site at Port Ligar in 
the Marlborough Sounds. 
of released fish fell below 100% (M. Roderique, 
commercial fisher, personal communication). 
These results suggest blue cod should have a 
good survival rate when released back to the sea, _ 
in contrast to the popular opinion of recreational 
fishers (Orman 1994; Ward !'994). However, a 
more accurate level of angling-induced mortality 
was needed to justify the reduction of the mini-
mum legal size of blue cod in the Marlborough 
Sounds. 
Many studies of hooking mortality of fish caught 
and then released have focused on sport fish, such 
as salmonids (Muoneke and Childress 1994). Sev-
eral approaches have been taken, and many vari-
ables inducing mortality have been identified. Al-
though mortality rates are highly variable among 
catch-and-release fisheries, rates over 20% are 
considered high (Muoneke and Childress 1994). 
The ability of a fish to survive hooking, handling, 
and release can depend on a variety of specific 
factors, such as temperature, salinity, pathology, 
geographical area, handling methods, depth, pred-
ator densities, and the types of hooks used. Other 
factors, such as the fisher's experience, are difficult 
to quantify. 
In addition to hook-induced mortality, fish may 
also become stressed simply because ofrough han-
dling and resulting bacterial infections, or osmo-
regulatory dysfunction may cause death following 
release. The New Zealand Ministry of Fisheries 
(1994) outlines methods to reduce stress and dam-
age that hopefully increase survival rates of blue 
cod caught and released. However, many fishers 
may not follow such advice, and any measure of 
mortality needs to be estimated from the normal 
behavior of recreational fishers, who usually han-
dle fish with bare hands (Marlborough Sounds 
Blue Cod Working Group, personal communica-
tion). If a significant reduction in mortality could 
be ~ttributed to the correct handling of fish, it may 
then be easier to convince fishers to adopt such 
methods. 
Minimum-length regulations control recreation-
al catches for many species in New Zealand and 
increasingly throughout the world. However, for 
blue cod in the Marlborough Sounds, it was 
thought that few undersized blue cod released by 
fishers survived, and many fishers felt this was an 
unacceptable situation in an area of high fishing 
pressure (Orman 1994; Ward 1994). Consequently, 
the minimum size limit of blue cod in the Marl-
borough Sounds was reduced 5 cm below the na-
tional regulation size. This study sought to exper-
imentally determine the level and source of mor-
tality associated with catch and release of blue cod 
less than the national minimum legal size of 33 
cm TL. 
Methods 
Baited, barbed hooks were used in this experi-
ment because these have been shown to produce 
a greater mortality than fish caught on lures or flies 
(Clapp and Clark 1989; Talbot and Battaglene 
1993; Diggles and Ernst 1997) and are apparently 
more commonly used by recreational blue cod fish-
ers in the Marlborough Sounds (Marlborough 
Sounds Blue Cod Working Group, personal com-
munication). 
Capture treatments.-Two of the three treat-
ments were experimental and involved capture of 
blue cod with baited and barbed hooks: large (size 
6/0) hooks with kahle shanks (Figure 2a), as rec-
ommended in New Zealand Ministry of Fisheries 
(1994), and small (size 1/0) hooks with straight 
shanks (Figure 2b). A control group of blue cod, 
lacking a hook wound, were captured in pots 1.2 
















FIGURE 2.-Hooks used in the experiment. Large 
hooks (a) were size 6/0, kahle-shanked, and barbed, as 
recommended by the New Zealand Ministry of Fisheries 
(1994). Small hooks (b) were size 1/0, straight-shanked, 
and barbed. 
Handling treatments.-Two handling techniques 
were tested: (1) optimal handling, in which fish 
were handled with wet cotton gloves, kept out of 
direct light and placed quickly and gently back 
under the water, as outlined in New Zealand Min-
istry of Fisheries (1994); and (2) bare hands, in 
which fish were handled with bare hands and in 
direct light and thrown into the water from the side 
of the boat. 
Sampling metlwd.-Tn outer Port Ligar (173°56'E, 
46°59'S; Figure 1), 80 blue cod were caught from 
a charter boat by 10 fishers, each using a small 
and a large hook on their individual lines. Fishers 
were all volunteers with typical variation in an-
gling skills. At the same time and from the same 
area, a commercial cod-pot vessel caught 40 blue 
cod for use as the nonhooked controls. · On both 
vessels, half of the fish were randomly assigned 
to one and half to the other standardized handling 
technique. 
free mesh. A large ring, 1.5 m in diameter made 
up the base of the pot, and a small buoy held a 
second ring (0.6-m diameter) was suspended 0.45 
m above the base. 
There were two replicate pots for each of the 
six capture and handling combinations. With 10 
fish assigned to each pot, the total sample size was 
120 sublegal-size blue cod. As fish were caught, 
they were placed into the suspended holding pots. 
Within 3 h, all the replicate pots were filled and 
then slowly lowered 20 m to the sea floor. 
To avoid additional stress induced by regular 
lifting of the pots, mortality of blue cod was mon-
itored by scuba divers who also removed any dead 
fish. The number of surviving fish was recorded 
during daylight hours, initially every 4 h for 3 d. 
To allow time for any delayed mortality from in-
fections,' fish were again monitored 7 and 14 dafter 
their placement in the pots. Fish were fed weekly 
to avoid cannibalism or starvation due to confine-
ment. 
Statistical analysis.-At each observation peri-
od, mortality of each capture and handling com-
bination was measured within two replicate hold-
ing pots. The analysis of final mortality frequen-
cies was done using a randomization test version 
of analysis of variance (ANOVA; Manly 1997) 
with two factors: fishing equipment (3 levels) and 
handling techniques (2 levels). Ten thousand ran-
domizations were used in calculating the P-values. 
A standard single-factor ANOVA was used to 
compare fish lengths between capture treatments 
(Underwood 1981; Sokal and Rohlf 1995). A lo-
gistic regression of mortality on size was then used 
to determine if mortality was size-dependent, re-
gardless of treatment (Sokal and Rohlf 1995). 
Handling time was consistent for all fish ( < 1 
min). For each fish caught, the fishing equipment, 
handling technique, total length, and anatomical _ 
hooking location were recorded. Individual fish 
were tracked through the experiment by their total 
length. Only fish less than the national minimal 
legal size of 33 cm TL were used. Fish hooked 
externally in the body or tail were recorded as foul-
hooked. 
Chi-square tests were used to determine if mor-
tality frequencies were significantly different for 
various wound locations and to determine if 
wound-location frequencies significantly differed 
between the two hook types. All data were tested 
for homogeneity of variances using Cochrans' uni-
variate test (Underwood 1981). · 
Results 
No data transformations were made for the anal-
ysis because no significant differences were found 
with Cochrans' univariate test for homogeneity of 
variances. 
Fish caught and used in the experiment ranged 
from 23.0 to 32.9 cm TL (TL mean = 28.8 ± 4.5 
cm SE). All fish quietly sat on the bottom of holding 
pots throughout the experiment and no cannibalism 
was observed. The methods of capture showed a 
After handling, blue cod were placed in groups 
of 10 into specially built holding pots suspended 
from the boats. Holding pots were constructed of 
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RBDUCBD HOOKINO'MORTALITY FOR BLUB COD 995 
TABLE 1.-Mortality of blue cod at the third observation 
period (last observer mortality) using a randomization test 
version of a two-factor analysis of variance. Standard 
mean square (MS) and F ratios arc shown; P-values were 
calculated using l 0,000 randomizations. 
Equipment 
Tochnique 
Equipment X iechnlque 
Error 
Total 
· Tuchnique is optimal or bllre hands; equipment is angled with 1/0 
or 6/0 hooks or C1iplUn:d in cod pots. 
significant effect on fish size .(F = 7.14(2. 1m, P = 
0.001). Bonferroni post hoc comparisons indicated 
that the control fish (cod-pot captures) were signif-
icantly larger fish(29;9 ± S.2 cm TL) than fish taken 
with either 6/0 books (P = 0~021) or 1/0 books (P 
= 0.001). However, there was no significant differ-
ence in the size of fish taken by the two hook sizes 
(P = 0.759), although the larger hooks took slightly 
larger fish than did the. small books (6/0 hooks = 
28.5 ± 8.0 cm, 1/0 hooks = 28.0 ± 8.4 cm). 
A logistic regression of mortality on size was 
then used to determine if size dependent mortality 
meant that the control was ineffective. However, 
size showed no significant effect on mortality (,c2 
= 1.38, df = l, P = 0.240). 
None of the control fish caught in cod pots or 
fish caught with large hooks died during the ex-
periment. In contrast, 2S% of blue cod caught with 
small hooks died (N == 10). This difference in mor-
tality between fishing equipment was highly sig-
nificant (F = S0.0<2. m, P = 0.004.), and there was 
no interaction between ·fishing equipment and han-
dling technique (Table l). However, there was no 
difference between the mortality of blue cod han-
dled with bare hands and those treated with pre-
scribed good handling techniques (Table l; Figure 
3). 
All deaths occurred within the first 26. h of the 
experiment and were restricted to blue cod hooked 
in the gut or gills with size 1/0 hooks (Table 2). 
This difference in mortality frequencies . for the 
various wound locations of the 1/0 hooks was 
highly significant (x2 = 14.95~ df = 3, P = 
0.0019). 
Most blue cod were hooked through the mouth. 
Only the 1/0.hooks were found attached to the gut 
or gills (Table 2), and although only the 6/0hooks 
foul-hooked some fish (through the tail or body), 
this did not cause mortality (Table 2). This dif-
ference in the frequency of wound locations be-
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TIME (hours after pots lowered) 
F,GUR!i 3.-Cun\ulalive mean pmportional mortality 
over time of blue .cod caught by size 1/0 hooks for the 
{a) poor and (b) good 'handling treatments. Bars indicale 
standard error (N = 2). 
TABLE 2.-Mean size and mortality by location of hook 
wounds for aQ.gled blue cod caught by 1/0 and 6/0 ~ 
Catch Mortality 
Hooking Number Mean size Number Mean size 
location caught :!: SE (cm) \lied'' :!: SE(cm) 
Small hooks (tit ...... t shank) 
Lip 7 28.7 :t o:iu ·o 
Mouth 20 27J :!: 0.63 0 
Gills 5 29.8 :!: 1.38 3 28.3 :!: l.85 
Gut 8 28.3 :!: 0.71 7 ~ ;.~.05 
Foul-hooked 0 0 
i..,. ... 'c"° kahle shank> 
Lip s 28.9 ± 1.28 0 
Mouth 32 28.7 :!: 0.41 0 
Gllls 0 0 
Gut 0 0 
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-tween hook sizes was also highly significant (x2 
= 24.94, df = 4, P < 0.001). 
Discussion 
It is important to consider whether the mortality 
rates observed are truly representative of those that 
would actually occur in the recreational fishery. 
All aspects of the experiment mimicked normal 
fishing practices exactly, but one potential bias in-
volves the use of the holding pots, which may have 
only partially simulated actual release conditions. 
If released blue cod are attacked by predators be-
fore recovering from the trauma of capture, then 
the holding pots would have excluded some pred-
ators and biased the results. However, in another 
study done in the Marlborough Sounds (Davidson 
1995), blue cod captured with hooks and then re-
leased were followed by divers, and no instances 
of predatory attacks on the released blue cod re-
corded. It therefore seems unlikely that the results 
of the experiment are biased in this way. 
Although sample sizes were small, the results 
were unequivocal. The experiment showed mor-
tality among released sublegal ( <3:3 cm TL) blue 
cod that could be attributed to the 1/0 hook size 
and the resulting wound location. The use of large 
hooks (i.e., size 6/0) as a management tool for blue 
cod is therefore supported by this study. Capture 
by large hooks did not reduce the survival of sub-
legal blue cod returned to the sea. Small hooks 
(size 1/0), however, caused an alarmingly high rate 
of mortality (25%) when compared with other fish-
eries using similar methods of capture (Muoneke 
and Childress 1994), so use of smaller hook sizes 
needs to be discouraged. 
An inverse relationship between hook. size and 
mortality has previously been shown for bluegill 
Lepomis macrochirus (Burdick and Wydoski 1989) 
and the snapper Pagrus auratus (Otway and Craig 
1993). However, this relationship appears to be 
species-specific because brown trout Salmo trutta 
(Hulbert and Engstrom-Heg 1980) and smallmouth 
bass Micropterus dolomieu (Weidlein 1989) have 
shown a positive correlation between mortality and 
hook size, though this may be the result of foul-
hooking. 
Anatomical location of a hook wound is appar-
ently the most important factor affecting hooking 
mortality in many fish species (Muoneke and Chil-
dress 1994). This may be the result of a variety of 
factors, such as bait type, fish behavior, and gear 
used. In this study, wound location seemed to be 
a function of hook size because only smaller hooks 
- wounded vulnerable areas, such as the gut or gills 
(Table 2). 
Studies of snapper have shown that hook sizes 
can affect the mean size caught (Otway and Craig 
1993). However, for blue cod it seems the use of 
large hooks does not reduce the number of legal-
size fish caught (K. Drummond, Ministry of Fish-
eries, personal communication). My study shows 
no relationship between hook size and size of bl~e 
cod caught that were less than 33 cm TL. 
However, cod pots caught significantly larger 
blu~ cod than either the 1/0 or 6/0 hooks. This is 
interesting because it could suggest that smaller 
blue cod are excluded from pots by larger blue 
cod, or that some other form of avoidance behavior 
on the part of smaller fish occurs with pots. How-
ever, such conclusions must be treated with caution 
because the differences between mean fish lengths 
for each capture technique were small relative to 
the size of fish (pots = 29.9 ± 5.2 cm, 6/0 hooks 
= 28.5 ± 8.0 cm, 1/0 hooks = 28.0 ± 8.4 cm). 
Although this result is statistically significant, it 
may or may not be biologically significant. 
In addition to asphyxia in air. handling may 
cause fish to lose scales and mucus. However, all 
blue cod that died in the experiment did so within 
the first 26 h (Figure 3). It therefore appears that 
delayed death induced by handling was not oc-
curring among released sublegal blue cod, regard-
less of the handling treatment (Table 1). Because 
this study was conducted at the height of summer, 
it is unlikely that the result would alter during 
cooler seasons. This finding is consistent with oth-
er studies that show the effects of handling to be 
minimal for lake trout Salvelinus namaycush (Lof-
tus et al. 1988), brown trout (Hulbert and Engs-
trom-Heg 1980), and spotted sea trout Cynoscion 
nebulosus (Begen et al. 1987). 
Although the handling of blue cod had no de-
tectable effect on mortality, the effect that remov-
ing hooks has on mortality was not quantified in 
this study because hooks were removed from all 
angled fish. The removal of hooks has been shown 
to decrease mortality of red drum Sciaenops ocel-
latus (Muoneke and Childress 1994), but to also 
increase the mortality of brown trout (Hulbert and 
Engstrom-Heg 1980). Because this factor appears 
to be species-specific, some investigation of its 
effect on the survival of blue cod is warranted. 
The reduction of the minimum legal size limit 
for blue cod in the Marlborough Sounds in 1994 
was justified, based on this study because small 
hooks cause a high rate of mortality among 
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tional size limit of 33 cm TL. Unfortunately, the 
proportion of recreational fishers using these 
hooks is not known, so it is not possible to assess 
the magnitude of the hook-induced mortality of 
caught-and-released blue cod in the Marlborough 
Sounds recreational fishery. Only by estimating 
the number of undersized blue cod returned to the 
sea and the proportion of those fish caught by 
small hooks can the total mortality of this blue 
cod fishery be estimated. 
Hooks exceeding 6/0 are recommended by the 
New Zealand Ministry of Fisheries (1994), and the 
results of this study show that using these hooks 
significantly reduces the mortality of caught-and-
released blue cod. To encourage blue cod fishers 
to use large hooks, these results were published in 
several popular New Zealand recreational fishing 
magazines (e.g., Carbines 1997a, 1997b) and 
newspapers (e.g., Stevens 1997). However, in 1994 
the minimum legal size of blue cod had already 
been reduced in the Marlborough Sounds because 
it was feared that a high number of released sub-
legal fish were dying needlessly. This work chal-
lenges the simplicity of that conclusion and sug-
gests that fisheries managers should look beyond 
the traditional methods of management (i.e., bag 
and size limits) and consider the merits of edu-
cation and restrictions on fishing equipment. 
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